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I boldly recommend a plough introduced into 
Scotland about twelve years ago, by James Small at 
£lackadder-mount, Berwickfhire, which is now in great 
requefl. This plough may be conlidercd as a capital im- 
provement* 
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INTRODUCTION. 



^THHE Plough is an infti'umerit of 
fuch importance in agriculture, 
that, in all ages, it has held the firfl: 
place among the implements of that 
art ; nor is there any nation mentioned 
in hiftory, who have attempted to cul- 
tivate the ground without . it,, except* 
ing fome Barbarians, deflitute of every 
art and fcience. And even thefe have 
ufed ibmething equivalent, fome turn- 
ing up the ground with the horns of 
oxen, and fome with other things equal- 
ly unfit. Thefe rude and barbarous at- 
tempts only (how the great ufcfulnefs 
of the inftrument of which I propofc 

to treat. 

Though 



ii INTRODUCTION. 

TTiough many of the ancient nations 
iinderftood agriculture very well, and 
had invented ploughs of different forms, 
all of them feem to be inferior to fome 
of thofe lately introduced among us^ 
Although the ancients had made great 
progrefs in the arts of life, their know- 
ledge of mechanics was more imper- 
fecfl, and lefs diffufed, than among us, 
and therefore their improvements will 
not bear a comparifon with thole which 
have taken place within thele two laft 
centuries. 

It is fome what (Irange, that, amidfl: 

all the improvements which have been 

made during this period, the plough 

ihould have remained alraoft in the 
fame ftate, till within thele laft fifty 

years. The truth is, that it has been 

negledled 
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ncgleftcd by thofe perfons who have 
turned their attention to machines^ as 
a rude tool, unworthy of their atten- 
tion* Such perfons imagined that any 
thing Gould do for the clumfy operation 
of turning up the ground, and that 
there could be no nicety in a work 
which was fuccefsfully performed by 
the ignorant peafants* Other perfons 
have imagined, that it is impoflible to 
explain the principles by which the 
plough performs its work. If this be 
true, we muft a6l at random in making 
this important inftrument, without 
knowing whether we are right or 
wrong, except by the event ; and if 
the plough (hould not anfwer our pur- 
pofe, our attempts to amend it mvifl be 
without rule, and as liable to error as 

before. 

Both 
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Both thefe qpinions are very errone- 
ous, and the maintaining them would 
be produdive of very bad confequen-! 
ces, by checking the improvement of 
ggriculture : for, although our know-: 
ledge of the nature of plants, and of 
t^e manner of promoting thjeir growth, 
fliould improve ever fo much, and the 
bufbandraan (bould kno\y, that, if hi$ 
ground were fp and fo drefled, his 
crops woi»ld be improved, yet, if the 
imperfedion qf the plough be fo great, 
that this drefling cannot be given withr 
out a very great expence, the know"? 
ledge of the hufbandman i? renderecl 
glmoft ufelef?, 

. Tlie plough is fb far from being a rude 
9ijd defpifable tool, that it is a machine 
J?f very ingenious contrivance, even in 
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die rudefl form in which it appears in 
this country. Several circum (lances in 

the conftrudion, even of our oldeft 
ploughs, are far from being obvious, and 
yet the negleft of them would have 
rendered the ploughs much lefs fit for 
. their work than they are. The circum-i 
ftances, upon which the goodnefs of 
a plough depends, are both many, and 
difficult to be difcovered; and it re- 
quires both great ingenuity and great 
experience tp determine that form of 9 
plough which will enable it to perform 
ijs work in tjie beft manner, and with 
the leaft labour ppffible^ So that, whe- 
tJher we confider the importance of the 
plough, or the great nicety of its coij-r 
flrudion^ it is a fubjedl very fit for ex-r 
f rcifing the genius of the moft eminent 

mechanics 

k ■ • 
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mechanics and philofophers in Europe* 
On the other hand, this is not a tafk 
ivhich exceeds the powers of our un* 
derftanding ; and it is not impoflible to 
explain the princi{Jes upon which the 
plough 'afts in performing its work ; 
and, confequently, to determine that 
form which (hall do this in the befl: 
manner. Let the hufbandmen once be 
agreed as to the ftate in which the 
ground (hould be left by the plough* 
The tafk which it is to perform is now 
a fixed thing, and there mufl: be one 
manner of performing it, which is bet- 
ter than any other* Now, it is certain 
that a plough may be made which (hall 
perform a taik in any manner what* 
ever, and therefore in this beft man- 
ner. 

It 
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Ic would be great prefumpdon in me, 
if I (bould pretend to give pcrfcdl in- 
ftruftion in a fubjedl which I have faid 
is fit for exercifing the greateft genius* 
My fituation in life has deprived me of 
many advantages of dieoretical learn- 
ing. 

But, on the other hand, it has given 
me a good deal of experience, both as 
a hufbandman, and an artificer. This 
advantage appears to me coniiderable^ 
and not very common, and has engaged 
me to turn my attendon to the improve* 
ment of the plough more than many o^ 
thers of my profeflion. Some of my 
views were nuich approved of by gen* 
tlemen of great judgement and experi^ 
ence, which encouraged me to beflow 
ftill more attention upon the fubjet^^ 

and 
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and to put immediately in pradticd e^ 
very alteration which I thought would 
be an improvement. It is to fuch en- 
couragementSy and the opportunities 
thereby given me fcfv improving my 
ploughs^ that I am indebted for the 
good charafter which they have given 
me^ both in this neighbourhood and at 
a diftance^ 

The fame gentlemen who have en* 
couraged my attempts to improve th6 
plough^ have alfo flattered me with the 
hopes that I would do a fervice to foci* 
fity, if I (bould make public my notion^ 
upon this fubjeft. I have therefore £et 
them forth, fuch as they are, with fbmd 
degree of truft that my fcntiments will 
be found pretfy juft, and with alraoft a 
certain confidence, that ploughs, made 

ac- 






J 
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according to the direcHiions which I have 
given, will be found to perform their 
tvork in an agreeable manner. If any 
perfon of fkill (hall think it \Torth his 
while to. cdrreft any miftakes into 
which I have fallen^ he will deferve 
well of the Public, and will have my 
particular thanks for the opportunity 
. ^vhich he will thereby give me of im- 
proving in my profeflion. The chief 
merit Which I claim iu the following 
(heets is this> that I have given diredions 
by which any fendble workman may 
be enabled to make a plough on my 
principles, without being reduced to the 
neceffity of copying, and that thofe di- 
redlions are fuch as will enable him to 
make a plough on any principles what- 
ever. All that is necelFary to be known 

B is 
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is the ftate in which the ground is to be 
left by the plough. My direftlons en- 
able -the workman to make a plough 
whiclifliaH leave it in that flate. So 
that, whether my princifHes afe gbod o^r 
hot, itty direftions for making a plough 
lofe nothing 6f their value. 

I hope that a candid and good na- 
tured Pubfic will receive^ with indul- 
gence, my endeavours to l>e *feful, aiid 
will pardon: thofe defects wHch arife 
cither from my Situation, or from my 
want of talents^. I am too Tenfible of 
the rtffpeft wMch is due to the Public,, 
to be wanting in care and attention • 



of the AAion of a Plough 

in general. 

TN ploughing three things are per- 
formed, A flice of earth is cut off 
from the general mafs. This flice is 
removed fome inches to one fide. It is 
fo turned, that it may expole a new 
furface to the air, and that what was 
formerly uppermoft may now be buri- 
ed. To the performance of thefe 
things, the conftrudlion of the plougli 
mufl: be adapted, and the work mufl: be 
performed with as little labour to the 
cattle, and to the ploughman, as pof- 
fible ; and the ploughman mufl: have it 
in his power to vary at pleafure the 
depth, wideth, and pofition of the fur- 

rovvt 



li Anion of the plough in general. 
row. The firft of thefe aftions is per- 
formed by the coultpr, the fecpnd ajid 
dfird by the fock and jnouldboard 
johitly, Thefe are to be confjidered iu 
order. 

Of the Coulter^ 

The coulter muft be confidjsred as a 
cutting inftrument, oppofed to great 
and various refjftancej* It muft be 
(If arp^ that it naajr cvit the niore eafily^ 
apd ftrong, that it m^^ not be broken or 
bent. Thefe properties cannot be unitr 
ed. unlefs it is thin and broad. The 
giving it gre'4t ftrength^ by mean? of 
great thicknefs^ expofe^ it tp more re^ 
fiftance than is neceflary ; whereas, in- 
crqafing tl^e breadth of the coulter di- 
iniijiflies the refiftance, by making it a 

Piarper wedge, 

Jhc 
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The dimenfions of the coulter may 
fee as follows : An eighth of an inch 
thicknefs at the edge, and an inch thick 
at the back, for a three horfe plough, 
or feven-elghths for a two horfe plough* 
The web may be three inches broad at 
the broadeft, and taper from a foot 
down all the way to the point. The 
thickneft of the back may taper alio. 
The length is about twenty inches. It 
may have a little rounding on the fur- 
row fide, from the edge to the middle, 
^nd (hould be flat on the land fide« 

r 

The operation of the coulter depends 

* 

greatly upon its pofition . The plough 
may be confidered as a fort of wedge, 
employed to remove the earth both from 
the land fide and from the bottom of 
jthe furrow. The land fide and bottom. 

pf 
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of the furrow, are, eaeh of them, to be 
kept ftraight. This circumftance, as 
we (hall fee more fully afterwards, re^ 
4}uire that the land fide aad fole of the 
plough be {dane furfaces. The coul- 
ter therefore muft be placed, in the 
plane of the land lide of the plough. 
By this meansii the cut which it makes 
forms the land fide of the furrow, to 
which the j^ough is afterwards prefled, 
by the refiftaace a<fling upon the fur-, 
row fide of the fock and mouldboard. 
For the fame reafon, it appears proper 
to me, that the land fide of the coulter 
fhould be in the [^ane of the land fide of 
the {dou^h, and that its whole thicknefs 
(hould be on the furrow llde* Whea 
the plane of the coulter has any other 
pofition^ there will always be a force 

acting 
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^ding on the plou^^ tending ta 
change its direction. This muft be op- 
pofed by the continual inihience of the 
ploughman, or by the form of ibme o- 
ther part of thre plough, which ftiall 
give it a contrary tendency.^ The firft 
ifnetliod is evidently improper. The fe- 
cond is no lefs fo^ becaufe, though 
diefe contrary tendencies may balance 
•each others they both increafe the la- 
bour of the cattle. It may be objeifled 
to this reaibningy that by making the 
land fide of the coulter in the fame 
plane with the land fide of the plough^ 
or parallel to k^ the coulter itfelf will 
fee prefled in towards the land, by the 
refiftance of its furrow fide. This is 
true, but is, in general, compenfated 
by the firmnefs of the ground on the 

land 
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m 

land fide* When the edge of the coul- 
ter ftrikes a ftorife direftly, the ftone, al- 
though driven ftraight forward, iiifk)ve6 
to the furrow fide, where it is leafl i*e- 
iifted. But if the coulter has its edge 
^xadlly in the middle of its thicknefs, 
and ftrikes a ftone with its land fide, 
the plough muft be thrown from the 
land, becaufe the ftone cannot be pct£- 
led much farther into the firm ground. 
In fitting the coulter into the beaml, 
the mortife muft be made parallel to the 
plane iil which the plough moves, and 
jnot pointing to the furrow fide, as is 
much praftifed ; for this pradice al- 
ways gives the plough a tendency to 
turn off from the land. The politioa 
which I here recommend for the edge 
of the coulter, caufes it to co-operate 

with 
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Ivith the fock and mould-aboard, in re- 
moving the earth, which is an advan- 
tage not to be d^fpifcdi 

The lofs fuAained by the wrong po- 
fition of the coulter, does not very fen- 
fibly appear in a plough which is drawn 
by the beam, projeding fo much before 
it ; but would be very diftindly felt, if 
the draft chain were faftened to the 
coulter itfelf. In this cafe, it would be 
found that it will be hardly poflible 
to keep it in its proper direftion. 

Another thing to be taken notice of 
with refpedl to the pofition of the coul- 
ter, is its rake> or inclination forwards. 
It would feem, at firft fight, that the 
edge of the coulter (hould be upright ; 
but experience, perhaps without any 
principle* has directed us to point it 

C forward 
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forward below. Some principles are, 
in this cafe, perfedly conformable to ex- 
[lerience. In the firft place, the incli- 
nation of the coulter makes it cut the 
earth more eafily ; for, it is well known, 
that, in all operations with cutting in- 
flruments, the work is more eafily per- 
formed when the edge of the inflrument 
is placed oblique to the diredlion of its 
motion. I cannot give a better in- 

flance, than the operation of fliaving, 

\ 

where the refiflances in the different 
pofitions of the edge of the rafbr are 
mod eafily diflinguifhed. Some tliink, 
that a lofs is fuftained by the point of 
the coulter cutting the furrow fo much 
below, before it is cut above. But it may 
be eafily ftiown to fuch perfons, that no 
lofs is fuftained j but, on the contrary, 
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a real advantage is gained. When the 
point of the coulter projefts much be- 
low, it cuts the ground partly upwards, 
in which direaion its cohefion is moft 
eafily overcome. Alfo, when the coul- 
ter comes to tough roots, which it docs 
not cut at the firft touch, it prefles for- 
ward below them, drains, and tears 
them with the incrcafed force of a 
wedge, and at laft breaks them, with 
much greater eafe than if its edge 
were upright. By this means too 
a very tough root is made to Aide up 
along the coulter, till it comes to that 
part of its edge, which is not much em* 
ployed in cutting the furrow, and is 
therefore (harper than the reft. Thus, 
the roots being cut by different parts of 

the coulter^ as they differ in ftrength, 

and. 
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and being, in general, thrown up to its 
top, the coulter is cleared of them in 
that part chiefly employed in cutting 
the furrow^ 

But if the edge of the coulter were 

perpendicular, it would carry along 
with it the roots which it does not cut, 

\v|iich would greatly increafe the refif- 
tance which it meets with, and wduld 
frequently choke the plough, and ftop 
its motion. In like manner, when the 
coulter comes to a ilone, it makes it 
rife upwards, in which diredlion it is 
more eafily moved ; whereas, if the 
edge were perpendicular, it behoved to 
force it ftr^ght forward. 

Another advantage attending this in- 
pUnation of the coulter, is, that it tends 
fp keep the plough in the ground. 

That 
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That fome force is neceflary for this 
purpofe will eafily appear. In the man- 
ner in which cattle are commonly 
yoked, the line of draught makes an 
angle of about 24 degrees with the folc 
of the plough, or bottom of the fur- 
row. The tendency of the draught 
therefore, is always to pull the plough 
out of the ground ; and if the edge of 
the coulter were upright, it would give 
no oppofition to this tendency. Nay, 
even if the coulter were pointed 24 de-^ 
grees forward, it would not have any 
effeA. It muft therefore projedl dill 
more, in order that the refiftance upon 
its upper edge may co-operate with the 
reft of the plough, in oppofing this ge- 
neral efFedl of the afcent of the line of 
(draughty This additional projedion 

of 



\ 
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of the coulter is the more neceflary, for 
the purpofe of keeping the plough in 
the ground ; becaufe, as we (hall fee 
afterwards, there are other circumftan- 
ces which alfo tend to throw the plougli 
out of the ground. 

I would therefore recommend an in- 
clination, or rake, of about 45 degrees, 
as the mod proper, and the mod con- 
ducive, to all the good purpofes hither- 
to mentioned • The propriety of this 
podtion will be illuflrated by confider- 
ing figure ift. Let A H reprefent the 
line of draught, making ah angle of 24 
degrees, with L M, the bottom of the 

furrow. This line of draught is fup- 
pofed to pafs through the centre of 
effort of the plough. Let it cut the 
edge of the coulter in N. This point 

will 
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Will be found to be about 4 or 5 inches 
from the bottom of the furrow, though 
N draw C D perpendicular to A H I. 
Then, if the edge E F of the coulter 
makes an angle of about 45 degrees 
with L M, it will make an angle of a- 
bout 20 degrees with C D. - There be- 
ing nearly the fame quantity of earth 
cut by the part below N, as there is cut 
by the part above N, the coulter will 
be equally prefled on each ,fide of the 
line of draught, and will, in this re- 
fpeft, have no tendency to turn the 
plough out of the ground, nor into it. 
This pofition will therefore be the mod 
proper, when the fock is at the longeft, 
and will admit of being changed, fo as 
to bring the point of the coulter near 
to the fock ; when this is fliorter, while 

the 
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the fock is of fuch a length as to make 
the conker more inclined than C Dy the 
coulter will always help to keep the 
plough in the ground. 

The next thing to be confidered in 
the pofition of the coulter^ refpefts its 
fitnefs for clearing, or freeing, the part 
of the plough which follows it in the 
furrow^ 

The defers of the common form of 
the land fide of the plough, and of the 
pofition of the coulter correfponding to 
it, are very fenfible, both when we ufe 
the long pradtifcd fpear fock, and plain 
mouldboard ; and alfo when we ufe 
the more modern feathered fock, and 
curved mouldboard. Thefe defefts 
have been diflindlly feen by the aftual 
comparifon with a plough of a more 

per- 
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peffcft conftrudioiij and may be fuf- 
ficiently underftood, by attending to the 
defcflption which will now be giveti 
of this improved plough. 

The plough, as has been already ob- 
ferved, may be toilfidered pdrtly as a 
Cutting idftriitnerit, of which the coul- 
ter forms the edge. It is not employed 
in cutting the earth, and feparating it 
on both lideS, in which cafe it would 
rather^ refenible a cleaving ihftrument ; 
but it is employed iti catting a fmall 
flice from the firm ground, on the left 
h^iidi and removing it to a certain dif- 
tance to the right hand. The chief re- 
liftarice being therefore exerted on the 
farrow fide of the plough, the plough 
is preflcd to the firm ground on the left 
hand. By this means the land fide of 

D the 
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<hc plough becomes the direclor of its 
tootion^ and therefore, in the perfeft 
flate of the ioftrunient, (honld perform 
tio other part of the work. This con- 
fidcratron fbows at once that the land^ 
£de of a plough fhould be a flat or 
.plane furface; If it has any other form, 
being ftrongiy prefSxl ta the firm 
ground^ its proje£):iiTg parts mufH fink 
into it, ^md the ^ough cannot advance 
without ciotttihually tearing dBT the earth 
with its {M*oJe6ling parts j winch earth 
mufl: tumble in: between thb coulter and 
fheath, or into any holtow in the land 
fide of the pk)ugh> and, cblleifling gra«* 
dually there, will both obflrudt it? mo- 
tion, and tutu it from the land. Here,; 
without any further argument, appears* 
the great imperfedtionf of the Scotch 

plough 
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jpSou^, as ufually made ; and the ^d^ 
^rantage \i^hich osufl: attend the cover'- 
lag the hoUo w between the bead^ fiheath^ 
and ftHt, with board V to reduce it to % 
^at furface. 

I^ the ne:i^t place^ this flat flirfaoe^ 
which forms the land fide of the plough^ 
muft be in the jdire^^ion of die plough^s 
nnotion ; that is to fay^ a fti!aight line^ 
/drawii from the heel of (be plough to 
the point to which the cattle are yoked^ 
inufl: toucb the land fide of the plough* 
|f the furface of the 3dnd fide of the 
jplough^ and the edge of the coulter^ 
polijits to the right hand of the fore end 
of the beam^ the j^ough wiji be thrown 
contiQU^lly from the Jand^ by the refif^ 
jtance whieh it meets \fith oi) that fide, 
^t contrary effedl will be produced il*, 



i 
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this /urfacc points to the left of the fore 
end of the beam: hut when the land fide 
of the plough, and the line of draught 
are in the fame plane, the plough will : 
go fmoothly and fteadily, without any 
effort of the ploughman. 

This conflder^tion lead$ qg : to atteod 
aiittle to the form of the beam. Th? 
raortife, for;;*eGcivingtheicoulter, |iiuf|: 
l?e in the middle pf the thicknefs of the 
beam, in order to giv0 the greateft 
flrengtli. The fame may bp faid pf the 
raortife ijti the *flilt .fdr rpceivipg the 
beam. The cQulter^ muft be let to the 
left of the land fide c}f tlie plpygh, nearr 
Jy the tjbicknefs of its back, by which 
tneans the e^rt^, which i^ pufhed a little 
Ito the right hand by the thicknefs of 
^p poulter, will be received on the edg§ 

of 
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of the (lieath and mould-boards Thefe 

cQndltions cannot be obtained, if the 

beam is equally tapered on the land and 

furrow fideSj as is ufually praftifed.' 

For, in this cafe, the coulter will have 

its upper. part removed to the right hand 

of the land fide of the plough by half 

the thicknels of the beam. This is ac*- 

cprdingly the cafe in the ufual conftruc- 

tion of the plough ; and this defef): is 

a|:t^mpted to be remedied, by placing 

the plane of the coulter, not upright, 

but pointing with its lower end to the 

land, and projedling beyond the land 

fide of the plough near five inches, as 

in fig. 3, 4, and 9. which reprefcnt a 

crofs fedtion of the plough at the heel, 

fcea from the point of the beam. I 

Iball firft defcribe the conftrudlion, 

whicl^ 



\ 
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\yhich appears to me to be the mo(l: 
proper, qind theqi (how its advantages,- 
by comparing it with the comn)ion form^ 

The beam fhould be 4^ or 4^ thick 
between the coulter-hole, and the hin^ 
dermoft fide of the (heath, and it fihouI4 
be 4I or 5 deep at the fapie [dace. At 
the fore ei>d^.the thicknefs (hould be 
2^, and the depth ^\. It may have a 
curve of 6 inches up and down, lyhich 
the ploughmen call the redde qf the 
jplough. 

Inftead of tapering the beam equally 
on both fides from the place of the coulr 
cer, as reprefented in fig# 2. No. 2. I 
make the beani ftraight on the furrowr^ 
fide, a9 in fig* 2. No. z* vand taper it 
only on the land fide, both ways froin 
^he place of the coulter. The taper 

backwards 
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backwards to the hlnderniioft fide of 
the (heathy (hould be fuch, thdt^ when a 
ruler b 1^ to the €\d€ in that place, 
it will project 2 J inches td.thie left of 

• , # • . 

the fore end of the beam. . A B in this 
figure is the jrfane of the lajnd fide of 
the plough^ which^ by this way of ta- 
pering, pafles very rieai' the nnddle df 
the thickeft part df the beam. By tins 
method, the coiilter-mortife is brought 
qvtv to the land ii^^^ half of the izgtv 
given to the beam^ But as this^ is liot 

fufficietit for bringing the eoulter ixito 
the politioni formerly recoinmendedy I 
give the coulter a h[ttt^ or fet of 2 inch- 
es, as repirefented in fig. 5* Thus, the 
coulter may be fet fb as to make it cut 
In the beft ihanner, and yet be in the 
middle of the beam. The (heath is alfo 

mortifed 



A 
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mordied fi6ix\y into th« middle of tlite 
beanii but has a (houlder to the land 
iide of ^ an inch. This makes the land 
fide of the (heath juft tou6h the lifte A B 
(fig. 2. N6. I.) drawn from the land 
fide of the fore erid of the beam to the 
laind fide of its other end, and thus the 
land fides of the fore end of the beam, 
of the (heath, and of the ftilt, are all in 
one plane furi^ce. This caufes the coul- 
ter to dear completely the part of the 
plough which follows it in the furrow. 
But whea the beani is made in the ufual 
manner, as in fig. 2. No. 2. the cout- 
ter does hot clear the plough in all the 
parts of the land fide. For, in this ca(e', 
the line O K (fig. 4.) will reprefcnt the 
land fide of the flieath, mortified into the 
middle of the beam, and NK will repre- 

fent 
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fent the land fide of the (lUc^ (the point 
N of fig. 4. correfponding with V in 
%• %. No. 2.3 and the angle OKN will 
be the twift of the land fide of the 
plough^ (the fpace ON being about if 
inches^) by which it appears, that the 
land fide of this plough will point to the 
right of the fore end of the beam, which 
will give the plough a tendency to quit 
the land^ or to turn into the furrow. 
In this conftrudlioni the coulter, being 
put flanting into the beam, fo as to pro- 
jedl to the land fide about 5 inches be- 
low, does not clear the plough equally 
in all its parts. For the plane of the 
toulter interfeds the plane of the (lieath 
about 2^ inches below the beam, and 
the plane of the (lilt much lower. By 
this means, although the lower part of 

E the 
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the plough is more than fufficientiy 
cleared, the upper part is not cleared 
at all. Accordingly^ it may be oblei*- 
vcd, that in ploughs of this conftrudllotl, 
the upper |*)art of the plateing. on the 
land fide ii more wdrn away than the 
lower, afthoagh it moves m loofer earth. 
tt b ftrongly prcflcd" to the firm land, 
while the parts near the fble do not 
touch' it, or touch it after the upper 
parts hiive been' bruifcd together. 

All thefe circumffances confidered to- 
gether, (how that a plough of this con- 
ftru'dli'on is in a ftate of continual twill- 
ing, hy the' very unequal prefRirc of 
Its different parts to the land. Thismuft 
be varleJ by changing the pofition of 
the coulter, fo as to point its lower end 
moreorlcfs ta the land; whereas, by- 

making 
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jnaking the land fide of the plough la 
(he dkedioa of its motion^ it is kept e^ 
qually prefled in afU it$ parted and^there*- 
fore finks l6& in jioy Qne p{irt;> ^hich 
makes it mcure fteadyin its motion ^ and 
more eafily drs^wn, and thecoulter^ be* 
ing kneed and placed as direfled^ frees 
the plough completely and equally ia 
all its partsi. 

This may !be further illuftrated 1^ 
fig. i6l.. which ^ adapted to a plough 
conftruifled as in fig. 4. 

MNis a line drawn through the 
very point of the rcoalter, and hinder- 
moft end of the knd fide. H P is a 
line drawn through the edge of the 
coulter, and hindermoft end ©f the 
land fide, one foot up from the fole, 
S«id N R is the line which is paraHel 

$0 
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to fhe direftion of the ptoltgh^fi .iBotbii 
at a.mediumfc The other two^ HP atid 
M N, are nearly; equidiftant oft esich fide 
pf N R. Now, although this is the line 
which ought to be In the direcSion of 
the plough^s tniption at all iLimt^/it can^ 
not. bp fo in this cqtiftrudlipn, except at 
pne. particular depth, becaufe, with eve- 
ry different depth of furrow, the plough 
makies different degrees of land, on ac- 
count of the coulter projecSing obliqucT 
ly to the land fidp* j- ; 

Thfefe^ defgift^ of the commoti con- 
ftru^on are fpmetiipes not ohferved* 
on account of other def(^d):s 6f the inr 
ftrument, and they ^re thought to* ht 
compenfated by the greater quantity 
of work which the plough y^^wj* to per- 
form, by having the coulter turned fo 

much 
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iauch to thre land. But this l^ a deceit^' 
and the quantity of tjcal Work is not iiir 
creaibd by thb pofkion of the cottltei^^ 

f OF, by the ^oirtt of the coulter beiflg 
£0 miichrto ilie land fide> of the fbek^ c^ 
good part of- tte fllce bat by the couW 
teris ifpt ir^ifod by die fodf, but^ijip 
brdcjsn on tfcd .corntt of the (bck ahdf 
flicath, ahxl; falUi^ iH betXveeri 1thb 
coulter and fock, obftfuSts the tnbtiott 
pf the plough^ ^rid erea throws if otiC 
of the gtxrahd. This obftttj^ion is mdffi 
jdiftinftlyi^fibrceived in the plough widt 
g feathered fiick. TW fuftbW Uriketf 
on the l^nd fide <>f t)^ (biCk, ^t Hf^H^H: 
rife, \yhen it would, vn *ffy rate, prtfi 
pioft upon what is ' bfeloW- it^ Alfb, by 
this prefling ^oti the liind. fide, both of 
f|ie fpear ^4 feathfeir fbfck,^ it tends to 



1 
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. All theC? incoiivcniencie? reem to We 
i:^mcived iiif t;he cQtfftriidioii here re- 
cpmraended; The point of the coui^ 
terb placed about two or three inched 
before the ptant of the fock^ and withr 
in half an infh or an inch of the 
plane o'f the fole, and tlie edge, with-^ 
the land fidey projects about half an 
Inch Of an inch beycmd the land fide 
df the plough ; fa that the coulter i^ 
about as much beyond the plane of 
the land fide, as the point of the fock 
is below the plane of the fple. 

This cortftruiSion was not relilhed 
by foiYie perfbrts who had been accuf- 
tomed to the common form ; but, when[ 
tried, appeared as much preferable as 
I have defcribed iu In this conftruc- 
tion, the advancing of the coulter fo fer 

before 
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jififore the £odt^ cauf^ lit to cut the fur* 
row. fo jiUibh the more fbi^ward, btfore it 
isr rdifed foijr lihe back of the fock ; but,; \rf 
jike great 'idclinitlon cif die coulter^ the 

€ • 

fdrrdw is .not fo mdch cut above when 
It' begins tocUlsJbii the ifock, as its (or* 
Wi^d {fofitlttil' Would fitiake due exp^dV. 
Ilie.fliri'drtr js ^itireforci iboMeQ cut in 
the :rer}r:|>k€« ^hdk'^ it ti Cd' <»e dToooeft 

hitrch behind :the foek 4is tt<^ in hera ad- 
^dtic^ tiefijreit!^ ttid'gro'^fii would be 
iTfiU^d ijefM^^ iti Is 'cue; whidh: would iti' 
Cfleafe ike UjL^dup ofthe^^lttle) by cftti& 
ing ft ^oitetf; or thcnreifttddsri turn of 
the fjLirroWi ' But here,- the ^furrow be- 
ing cut at 'tbme dift«i>cii- before the 
lock, ,18 mot« eafil)^ turned, or twifted 

irf^'ik.? ■ 

F It 
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It has been faid^ that the coulter thui^ 
far advanced before the fock^ is more 
apt to ftrike oti z {time', without hay* 
ing any fupport from the fbck, whtch^ 
ki this cafey receives na part of :th^ 
-fiiQck/and then the coukcr is niore: li^ 
s^le to be bent out of its^ pofltlon. Boi^ 
m eompenfacion .of thiat, Xt may be oB- 
ierved^ that although the ecHiSter is thitf 
more liable to be. bent^: i( dpi^s not teikd 
£q much tp; bi$ak th^ plough^ Which wiU 
endure 1110:9 .ftratn f^-om a, ftroke on the 
couker than from a ftroke on thcibck^ 
Befides» when the' coulter :U no . more 
advsuiced than the Jfock, and placed at 
the ufu^ diftance on the land fide, it is 
as liable to be hit by a (lone, as in the 
conftrudtion now recommended, and 
has no fupport from the focfc, and thd 

fock 
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feck may^ at the fame time, receive a 
fliock from the fame, or another ftone^ 
The chance fof thefe (hocks is therefore 
Rouble ; aad if the (tone is ftruck by 
both at once, it is not tvirned afide, as 
It would be if flruck only by one of 
tjhem, but muft be carried forward be^ 
fi>re the plough, through the firm 
ground. For ^all thefe reafbns, the con^ 
fbrudion is fUll preferable 3 but, as the 
coulter is liable to thefe fhocks, I have 
Ctrengthened it by a flay of iron, repre- 
fented by H F, fig. i# This is on the 
]^n(i fide of the co.ulter, a^nd tjurns on a 
bolt through the coulter at F^ and pafles 
t;hrough the eye of a bolt I, which par- 
ies through the beam* The* upper part^ 
Q I of the flay is fere wed, and the niit 
^hiich turns oi) it fupports the flay» and> 
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enables us to raife or loWer the coiiIt»|f 
at pleafbriSw . This, ttay aUb..pr«)4«<¥* 
another good cffea, bjr prfsvemingjiie 
ilUbble from being pre^'up^ inc»fhtf 
angtp foriiied by the coilkor and 'boatft,' 
from which.it is: v*ify"i trDUblefclAle tcy 
diflodge xu I m»y^}ietie i^i^r W theft i# 
is not a good ppad^licer^fdr the plbu^H- 
man to pdk tl^e ftubblji- MvM^h gather^, 
pn the (dougb to die fiiiTow fide. Iic 
flunild b|S pvidied to (He land fide, fo' 
(hat it would faP into tiie trajck of the 
plougli, and te bbri^dr whereas, hy 
pufliing it to ch« furrow fidei it iy^pr 
to Jyc abov«. It is dfb e^licr for the 
pkrnghinian* with hiy rig^ht hsmd, to 
pu()i it t0 ehe land fide. 

On thtf wHolci this pofition of the 
(^polter, a lictfe W the left of the !atid 

fide 



Of. the. Coulter^ 45. 

fijies of the ploiigK, a«d pdnillfcl to ic^ 
caulcs the cotdtety by ks ttpokoijirs: be^f 
hinxlri totibrihg the iuiitow^ 0xa^}r<iQ 
the edgi pBthefiiedtliafid ftK)ttldboafdr 
No (biaith fills h^ bem theplbiigh 
and Qrm Ioik} in 'wet or lobfe ^O} 
none {Iar£ifit9 aiy dpe edge of the ^^thr 
<»Dd iiwiil^oaxid ia- teird fi)il$) but the 
furrow dice takfes a regulaf rift, v^^kh 
its cosrher right Wj^l the land fide of 
the feck. No roots csm- pafs'betfw^i? 
iHeemsMtsmd Ml itvichdut b0in^ eut, 
^ndthc cornq: » |c«pt in the fuff ow, 
andsurndd vpp. Ah«^ Atjf/y, the whole 
)^ri(ffiidcb£ the pibtigb \itmg eqadDy 
prefl«d to th^ i5i^g|ttt»iid) the |>i%i(Itire 
pn no part U ,^py gre^t, «i<i the 
plongh k prevenied from running in- 
to: thfi fina gcoaorA by any fudden 

^ain on the oppofite fide. 

The 
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4» lix th«fti tw^r%itfe)g, it appears that 
th? Mppfcr and vindcar corperPjL E Cri of 
i\tp farrow flipcji: vfit^e hf The p^Ipugh^ 
.^&'i>: ^^^ Q^?^Pr virlier^ag th0 twp. coT'- 
iiers^ Jl.fn4 N df xhe. (Kce iri3'de by tfW 
jdotif K of %. 4:- wc ; jaboUt.. I ^. degrees 

« 

above .fibe icutereuv , Id jorder that xhe 
fuff-oj^w , ,l0a^^ in this ppiiiiOD, it 

xi;tufl:.ie}j;b[er.lean UPQit tlie ibr^ei' fur- 
tovf, i$F it mjift Iw? fi^ppof ted by- Ipofe 
^tb,, wjijch tHOjbleS in, fedo^? it, and 
^s ^jjip- the vap?iFVc;f.,r?prercqte<J ^y If 
G.K of .fig. S. or PR S fig. 9. ,Jt is 
eafVxp fee^ that die vacancy of fig^* 8* is^ 
eafier made up than the others 

Although this position of, the furrow 
flice is not always required^ it being 
fometimes thought proper to leave it 
ftanding upon its edge GH^it is plain, 

tliat 
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tliat evcil in this cstfe the plough of fig* 
5. has the advantage ; for the furrow 

> 

flice made by it will ftand upright, 
whereas that tnade by the plough fig. 4* 
will lean to the fpace left by the plough, 
and it will hardly be poflible to prevent 
it from falling back into its former po- 
fition^ efpecially in ploughing with a 
fliallow and broad furrow. 

Lajllj, It appears that the plough of 
fig. 5. will leave the ploughed ground 
with a flater toped furrow than the 
plough of fig. 4. which is alio thought 
an advantage by the moft intelligent 
farmers; 

The reader will obferve, that I have 
iaiways fuppdfed that the land fide of 
the plough Is kept perpendicular. It is 
a vtty ulUal pradlice to lean the plough 

G over 
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over to the left, or land fide ; but I do 

4 

not approve of this pradice, becaufe it. 
leaves the bottonn^ of the furrov^ higher 
on the farraw fide^ and this leaves fome 
of the earth not raifed, and the furrow 
turned ov€r has not fo full a (houlderw 
It is in fome degree to make amends 
for this, that the coulter isfet fo far ta 
the land beloNV. But the praftice fhould 
be laid afide, and then this improper 
poiltloii of the coulter will not be 
necefTary. 

Thus it appears^ that whether we 
confider the working of the plough, or 
the work which it performs, the plougb 
of fig. 5* having Its land fide a plane 
furface, (landing in the diredion of the 
plough's motion, with the coulter pa-' 
rallel to it, is> in every refped:, prefer-^ 

able 
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able to the plough fig. .4. which has its 
land fide twifled^ and the point of its 
coulter turned fe far into the land. 



Of the Sole and Sock of the Feather Sock 

plough. 

' * ■ 

In the make of the fole of this plough, 
diree things are to be confidered. 

Firft, The form of the land fide fole, 
er head^ and the pofition of the fock, 
for keeping the plough at the proper 
depth and breadth of the furrow, and 
folid in its motion/ ^ 

Secondly^ The breadth from the out 
land fide fole, to - the out fide of the 
mouldboard fole behind, and the incli- 
nation and height of the mouldboard 
^le, with refpe£l to the land fide fole. 

Thirdly, 
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Thirdly p The proper breadth and iiir 
cUnatiQi> qf the feather, cori-efponding 
to the breadth ai^^ iiiclini^tipii of the 
fplc. 

Firjl theq, ^yith relpedl to the forn^. 
of the fole, and the pofltion of the fock^ 
which are ijipft: proper for fceepjin^ the 
plQugK at a proper depth^ ^nd fpUd it> 
its mQtipn^ ..This i? a point of the 
greateft difficulty in the conftru^ioa 
of the [Hough, and therefpri^ mufl be 
minutely coniid^ed. 

Let L M, fig. I. reprcfent the bot- 
tom of the furrowt A& the plough 
advapces^ it;; fore parts and furrow 
fides arc expoKed to refift^nces^ The 
coulter 13 prefled down by the earth 
which it is cutting. The fbck is pref- 
fed down, and alfo a little to the lefc 
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by the earth which it is raiding. The 
fore part of the iQouldboard i$ prefled 
down, and alfp to the left by the earth 
which it U partly rajiing, partly ChiftT 
ing to tl>e right, and partly turning Or 
yer. The hindermoft part of the niould- 

board is pf cflcd to the |eft by the earth 
< which it is forcing to the iright, and b 
alfo preilcd upwards by the earth which 
it b turning qver. TheTe fefiftances^ 
taken together^ give to the plough a 
tendency to thruft the point of the irons 
deeper into the ground ^ and to twiftthe 
point of the £bck downwards to die 
right, ^nd the hindermoft part pf the 
piouldboard upwards to the left* 

If, therefore, the plough were drawn 
forward, by a rope faftened to the point 
of the fock^ and leve} with the bottom 

of 
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of the furrow, the plough would infaK 
fibly fink at the point, and rife at the 
heel; and, at the fame time, twift o^^ 
vcr to the furrow fide. With fuch a 
draught, therefore, the ploughman muff: 
continually prefs upon die left ftilt. But 
the plough is not drawn in the mannor 
here defcribed, but in an oblique di- 
reftion K A, from the bridle bolt K to 
die point A, where the draught ropeg 
pafs through the horfes backhand. 
This direftion of the draught tends to 
pull the plough out of the ground. 
That this may not happen, the draught 
muft be fb placed as juft to balance the 
plough's tendency to go deeper. Sup- 
pofe H A' to be the direction of draught 
which is exadlly proper for this purpofe. 
Produce the line A H backwards, till it 

meet 
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meet the coulter in N, the fock in O, 
and the fole in I. Every perfon fkilled 
in the principles of mechaniOn knows, 
that the motion of the plough will be 
the fame, whether the draught rope is 
fixed ait H^ N, O^ or I, as the diredion 
I H A is the dire^ion of the draught, fo 
A H I is the diredidn of the refiftance, 
the labour of the cattle being the fame 
as if the plough were not refifted by 
the earth at all, but wei'e kept back by 
9 rope faftened at H N O, or I, and 
pulling in the direftion HL There 
will, therefore^ be fame point in the 
plough, between H and I, where all the 
refiftances may be fuppofed to be uni- 
ted. We (hall, for the future, call this 
point the centre, or point of refiflance* 

We may alib call it the centre of adion, 

be- 
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becaufe the a(frion of every part of tticf 
plough is dirciftly oppofcd, and is equal 
to the refinance which that part over- 
comes. 

If we confider the prenure on the 
hindertaoft parts of the niouldboard, 
which tends to raife it trp, we fllall find 
that the plough will rtot fwiiri fair, as 
the ploughmen cxprefs it, but will rifd 
at the heeL This effea will be (till far- 
ther irtcreafed, if the point of the coul- 
ter or fbck meet with any uncommon 
obnacle. Iii fuch a ca(fe, if the draught 
rope is fixed at the centre of adfion, or 
imy where behind it, the heel of the 
plough will always rife, arid the plough 
will twift downward on the furrow fide^ 
But if the draught rope is fixed at II, 
this rife of the heel will (lop in dn^e^ 

be- 
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liecaufe, by this means^ the pdnt of the 
beam is depirefled, arid the lind of 
draught comes to iriake a greater angle 
With die level of the fiirrow* When 
this happens, the draught ^gairi raifes 
the point of the beami arid finks the 
heel of the plough. It is evident, how-^ 
ever, that the riiotidri of a plough trim^ 
thed in this manner* wUl bfe Very hob- 
"blirtg and irregular* 

This defedt is renioved by a vety fim-* 
pie contrivance ; lianielyi by fixing the 
draiight-rdpe to fdnle point K, below 
the ftraight line A I, which pafles thro* 
the centre of a<n:ion. By this means, 
the plough becomes a fort of lev^r, of 
IVhich the centre of adtion Is the ful- 
trum. The lever is pulled upward at 
K^ and> being fupported at the fulcrum, 

H the 
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the hinder part of it is prefled down^ 
and the heel of the plough M is kept 
firm in the bottom of the furrow. This 
makes the plough go folid^ as the 
ploughmen exprefs it, and neither go 
deeper into the ground, nor rife out of 
it* This the ploughmen call having a 
right hold of the grounder 

It IS eafy ta fee, that this circum- 
fiance in the trim of a plough Is of the 
utmoft confcquence to the perfe£liorf 
of the inftrument. We fee alfb, in ge- 
neral, that the plough may get more or 
lefs hold, by raifing or lowering the 
point K, to which the draught-rope U 
fixed. This is the ufe of the (hifting 
pieces of the bridle fixed to the fore 
end of the beam, which put k in 
the power of the ploughman, to triito 

or 
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or temper the plough to his mind* 
Making the bridle bolt too low, both 
cau(es the plough to rffe out of the 
ground before, and caufes the heel to 
prefs more on the bottom of the fur- 
row than is neceflary, and alfb caufes 
the hindermofl: and upper part of the 

mouldboard to prefs too hard on the 
earth, at quitting it, which is produc- 
tive of bad effeftsin moifl: clay foils, by 
calling the earth into a folid clod. No 
more (houlji be done than what is jufl: 
neceflary to make the plough go fteady, 
by keeping the heel gently prefling oa 
the bottom of the furrow. 

From the aecoutit here given of the 
operation of the plough, and the vari- 
ous refiflances to which it is expofed, 
it is cafy to infer, that the proper place 

of 
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of the point of draught ^t the fore en4 
pf the beam, muft depend oa the forn> 
of the plough, both with rpfpieil to its 
fock and n^ouldbogrd, A plpugh^ of 
which the (heath has little incUnatioii 
pr rake forwards^ being lefs preflecl 
fdown before, \jrill require th(s point of 
/draught to be liighpr than a plough of 
another make. Thus it appears, that 
when a plough is alreaidy niade, its 
hold niay be regulated by thp plape of 
the point of draught. 

On tlie other hand;^ a plough, whofc 
point of (draught is fixed, or cannot be 
fufficiently qliangedj^ in^y have its hold 
regulated by the make of its fock and 
mouldboard} for thefe two things, the 
place of the point of draught, and the 
fnake of the plough, have a mutual de? 

pendenfpi 
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p^ndenqe.! ^i>4 neceflary ponne<Aion with 
each other. This lad method of re* 
gulating the bold pf a plough depends 
pa the form and pofition bpth of the 
fock and iDouldboard,» Pointing the 
fock downward will increafe the hold 
of the plough, and railing its point will 
diminifhit* Alfo^ by inclining the (heath 
much forward below, wp increale the 

■ 

hold of the plough, and by making the 
iheath more ijpright, wq dlp[|inijQh it* 
Thus a plough may have hold both 
jby the fock, ^nd by the piake of the 
plough^ It is plain^ therefore, that 
thefc n^ay be fo adjufted- as to give thp 
plough a proper hold pn the whole, find 
a plough, which has too much or top 
Jittle hold by its make, maybe brought 
%o ^ right temper^ by giving it lefs op 

mor9 
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more hold by the fock. But it is plaint 
that although the excefs or want of 
hold by the make, may be balanced or 
corredled by a want or excefs of hold 
by the fock, arid thus the plough be 
made to have, on the whole, a proper 
hold ; yet this expofes the plough to op« 
pofite ftrains, and increafes the labour 
of the cattle, and that the plough will 
T^e more perfect, when the hold by the 
fock and by the make both agree. This 
will alfo be attended with the advan- 
tage of making the upper part of the 
lock and the mould board of one regu^ 
lartwift, which will give the eafieft 
turn to the fUrrow, and leave it in the 
befl: date. 

It would appear, that the bed pofi- 
tion of the fock is to have its under 

furface 
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furface even with the plane of the fole. 
But experience teaches us^ that a plough 
goes more fteadily when the fock pro- 
jects a little below* 'The reafon feems 
to be this: When the fbck and (ble 
are in one plane^ and the point of the 
fock meets a fmall flone^ it cannot get 
below it^ becaufe the fole is then on the 

firm ground4 The plough muft there- 
fore pafs over this (lone, and lofe part 
of its hold. Or, if the refiftance of the 
ftone againft the upper part of the fock 
forces down the point, the heel muft im^ 
mediately rife ; whereas, when there is 
a fmall projedlion downward of the 
jR)ck, a little hollow is left under the 
fore part of the fole of the plough, which 
allows it to fink a little deeper, and thus 
throw up the ftone, and, at the fame 

time* 
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time^ does liot neceflarily force up i\i8 
heel. All this rtiay be done with a focfc 
of a regular twift^ and proper lengiH 
and (iiape oii its upper fide, by making 
the point of the fock about five eighths 
of ain inch below the plane of the Ible, 
and bringhig forward the plane of the 
fole as much as poffible^ fo as to leave 
ho confiderable hollow betweeil it and 
the fock* 

This being ctoitc, the tcrfipering of 
the plough for its hold muft alvvays be 
produced by meansof the fhifting parts 
of the bridle^ which the pfoughraan cart 
vary in an inftarit, agreeably to the na- 
ture of the foil in which he is working.- 
A well-conditioned plougli \till always 
allow this, and if a plough cannot be 

tempered in this way, it muft be tem- 
pered 
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[Jcfrcd by the focfc. But, as was faid 
before, fdch a jildugh is not perfedl, 
but ha^ art exceft tii hold in one part, 
balanced by a want of it iri another. 
It niay be knbwii when a plough is 
perfeft iri thcfe refpefts. Let the point 
of draught be fixed as high as the bridle 
will adihit^ and let the plough be work- 
ed in even light fdil, fi^ee df (Irories, arid 
take a good fiirrdw. The heel df the 
J>lough ffiould riot prefs on the ground 
^t alii but (hould even rife a little. Then 
kt the point df draught be fixed as low 
aspoffible. TTie heel of the plough (hould 
thcri prefs hard ort the ground, and the 
Jiiough liiould even (how fome tendency 
to cdme oittdfthd ground. If thrfe things 
do riot happen > we may be certain that 
the pofition of the beam is not propferly 
ildjufted to the make of the plough, arid 

I the 
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the pofition of the lock, and we can noxv 
temper the plough by the fock, fo as to 
bring it into the condition defcribed 
aboye# 

, It may be obferved in general, that 
the point of draught muft be fixed a 
tittle below the flraight line drawn 
from the lower end of the backhand to 
the lower end of the (heath behind, be- 
caufe, in moft ploughs, the centre of 
adion is not far from this part of the 
iheatb. The didance of the points H 
and K, {hould never exceed four inches. 
But this matter, together with another 
method of tempering the plough for the 
hold, by yoking the cattle more or lefs 
forward, will be conildered afterwards, 
when we come to fpeak more particu** 
larly of the framing and putting the 

plough 
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plough together^ and of the manner of 
yoking. 

It may^ however, be added here, that 
die length of the beam has a great effect 
in making the plough go more fteady, 
even when, in every things it is ad- 
jufted as above defcribed. Directions 
will alfb be given afterwards for adjuft- 
ing all ploughs to the fame hold, what-* 
ever is the length of the beanu 

Befides the adapting the fbck in the 
manner now defcribed, for giving the 
plough a proper hold of the ground, we 
mufl: alio coniider its pofition, which is 
mofl: proper for keeping the plough in 
the ftraight direction forward. It ap- 
pears to me, that the moft proper me- 
thod for obtaining this end, is to make 
tfie land fide of the fock even with the 

reft 
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reft of the land fide of the plough, and 
to make the whole of its taper on the 
furrow fide. It is, Ijowcver, a very 
ufual praiftice to fct the point of the 
fock a little to the right. The reafoa 
given for this is, th?t the refiftance may 
be diminiftied by (baring it betweeqi 
the two fides. But this reafon is infuf- 
ficieht, when the fock is of the proper 
form^ and this pofition of the Upd fide 
of the fock produces very bad efTetls. 
It is very true, that if a fock of the 
form \n figure iq, >vere drawn in the 
dircdlipn of A H, inftead of being drawn 
in the direifliQa of I L, and if it had a 
part on both fides of the point I, equally 
formed for cutting, the refiftance to its 
motion would be diminifhed. But, in the 
^rft place, this refiftance is but a fmall 

part 
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part of th? vvholetripfiftstDce of the plough^ 
In the next place, this form of the fock 
at the pointy will not agr^e \?ith the 
good property, which 9, fbckCbouId have^ 
gf makiqg ^ fair furfacp with the moulds 
board, anii thus beginning the operaip 
tion of tb^ plQugh, in turning over the 
foil, as welt gs cutting and railing it^ 
Now, ff the focljL is made pf the propeo 
form fpi: thofe purpofcB^ that |s to iay^ 
thick qr perpendicular on the land fide^ 
and without a putting edge, the relift-r 
ance wiU be |n?rea(ed^ infte^ of being 
diminifibed, by thus turning the point 
of it to the furj-ow fijie, becaufe, then 
the land fide of the fock WPi4d meet 
l:he firm ground with a perpendicqlar 
furface, un% for cutting, and would 
\>p ppQ^ed by it to the right hand, cau- 

fing 
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iing the plough to lofe land^ as the 

ploughmen exprels it* 

The bad conrequencea of this pofition 
of the (bck^ even if the land iide were 
made fit for cutting, are many and great. 
When the fock ftrikes on a (lone with 
its land fide^ it mufl: be turned off to 
the furrow fide, becaufe it cannot force 
the ftone further into the firm un« 

ploughed ground, whereas a ftone 
wliich is ftruck by the furrow fide of 
the foci?:, is very eafily forced into the 
open furrow. This pofition therefore 
of the fock, even when cutting on both 
fides, caufes the plough to lofe land, 
and this bad effed mud be balanced 
by giving the plough a greater tenden- 
cy to the land by the form of its other 
parts, which muftincreafetherefiftance 

to 
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to its motion^ or it muft be balanced^ 
by fixing the point of draught more to 
the right, which occafions a ftrain on 
the beam, acrofs it, where it is weakefl:^ 
by the coulter-hole and mortife for the 
flieath« All thefe reafbns, taken toge- 
ther, give a plain preference to the po- 
rtion of the land fide of the fock which 
I have here recommended « 

We come tiext to confider the breadth 
of the fble, reckoned from outflde to 
outfideat the heel. With reipeA to which 
there is great difference of opinion* 
But an attentive conflderadon of the a- 
peration of ploughing will fix ourfenti** 
ments on this matter. - The flice which 
the plough cuts off from the firm ground 
muft be turned over to a certain degree, 

or rnufl, at leafl, be fct on its edge. This 

can 
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can never be done unlefs we re- 

• • • f 

tnove the flice itst whdle breadth td 
the right haridi aS iriay be feen by in- 
rpe£iirig figtire ^. where A C D B repre^ 
fents the firtri gfcJiirid from which thd 
flice is td be citt^ Supfkife the bfeadtH 
of this to be niiie iiiches ftoirt A to H^ 
the coulter muft tome perpendicular- 
ly down thro' H I, irid the rfice A H I B> 
muft be turned over upon the corner Bv 
fi> thgtt the bottom B I of the ffice maiy 
^t ieaift (land upright, frottting the uri- 
ploughed ground, and the furrow flice 
ftand oti its fide A B. Nowy it is plain/ 

, . • . ■ ■ ■ _ ^ 

that v^hen this is done, the vfrhole flice 

_ » 

is fbifted nine indies to the right hand.' 
It is evident, that this can be done by 
no other means, tliAn by giving the 
fole of the plough this breadth behind^ 

when 



Of the Sole, md Sock. J73 

when it leaves the earth j for there is 
hothiiig elfb td prefs the earth to the 
-right* Wheii thd ible has this breadth^ it 
will fhifc the earth completely, and the 
turning over the (lice, into the defired 
pofition may then be performed by a 
proper ihape of the mouldboard. If the 
foil is of loofe mouldy which will not re« 
move by turning over, or will not turil 
over like clofe earth, it will dill be re-* 
moved completely from its former bed 
by a fbie, which is as broad as the fur-* 
row taken by the plough. 

I now add> that no greater breadtb 
<>f thefole isnecdfTary. I know that a 
Contrary opinion prevails, and that it 
is fuppofed^ that when the fble is much 
broader than the furrow taken by the 
plough^ and by this means removed 

K farther 
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farther to the right hand, there is'the 
more room made for the next furrow 
flice to ftand on. But that this is: a 
miftake^ will eafily appear,- by compare 
log two ploughs^ one of which . has a 
fole of nine inches, and the other of r8 
inches, both employed in cutting off a 
flice of nine inches bread, and nine in- 
ches deep. The narrow plough removes 
the firft IKce nine ' inches to the righs 
hand, and fets it, as we £hall fuppofe^ 
on its edge.^ When^^t cuts off a fecond 
flice, it alfo rea*>vef;k nine inches, and 
fets it on its edge. Spher^fore the fecond 

V .. « '•# 

flice is fet.clo(e to ^he ifirfl, becaufe its 
thicknefs acrofs, ot nrnow, ftands> is 
alfo nine inchesT ^hc broad plough 
removes the firfl flite 1 8 inches to the 
right hand, and fets it on its edge. It 

removes 






V 



'\-^-»- %*•% «.<-. .^_ 



i-t r» -'^ 






Of r^ Sole and Sock, ' 75 

fremoves the iecbnd iKce z8 inches to 
the right hand, and fees it on its edge* 
Therefore^ in this cafe alfb^ the fecond 
flice is kt cloie to the firfl:, and it has no 
more. room to ftand on than the firft* 

It is not the breaddi of the fole; or 
iSie removal of, the earth to the right, ^ 
which gives room for the furrow flice ^ 
to ftand gol. This depends on the 
proportion between the breaddi of tho 
(lice and its depth. When the flice is 
as deep as it is broad, it is prefled clofe 

1 

to the fonnieiV flice, whatever is the 
breadth of the fde of the plough, be- 
caufe there is no' more fpace than its 
thicknefs will fill tip. If die flice is ftili 
deeper, it is fqueezed ftili clofer to the 
Ibrmer flice,'' and ^fo bruifed, that part 
of it is forced up to a greater height 

than 
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th^nit would rife to if ic had roonit 
When the flice b broader than it is 
deep, .*i^hich is the commoa cafe, th^a 
it has! more rooini when r^ifed on its 
edge, thaiQ it can fill up, and by thi^ 
means it does not prefs fo much on the 
hindermoft end of the mouldboa^d, but 
Vails niore freely away* Bu.t when the 
flicp i^ much. broader than.<Jejppf^;it£alla 
j»i3fech over, and h made to |y^ on iw 
b&ok, ; w hich is reckoned a defp(3: in the 
workf. Thi? has bjSen frequently charg-f 
ed^s a gc^at fiwk pf thoj j^ugh with; 
9. featherjed ik^}ii an^ curved piould'^ 
bcrarid ; and it {s ^ue^ thi^t thi^. has beeA 
oftfteif feen itx working "with this plough: 
than, with the plougbr having a, fpear 
fock ^n<} plane mouldboard. But fhi9 
}!§ %^^ a defedl of the {^ough, but a fault. 

9f 
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of the ploughtiian. The feather foclc 
can raife a greater breadth of furrow 
than thd.ipear fock^.:sind this' gives an 
opportunity » 9nd temptation to the 
^oug^iman to n>ftke the furrow very 
broad, in proportion to its depths and 
this vfiXl neceflarily lay the ilice on its 
back* But the feather fock plough^ 
with the twifted niouldboard may, and 
ihould be fb cot)t(trud^ed, as to turn the 
furrow xtQ fstrtHqr ov0r than will allow 
it to (land : on . edge, by giving the 
mouldboard the proper t^ifl, and by 
Hot giving tl|e fe^tbey top grc^t 
breadth. 

As tHef ^ffer^nt (bils^ and the d^e«^ 
y^nt nuBfiber pf cattle in the yok*, 
muft require different breadths of fur- 
ygw;^ no rule can be given for the 

breadth 
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breadth of the fble, which will fit all 

cafes* The furrow (hould always be 

< 
adapted to the ftrength of the draught. 

For a draught of two or three horfes^ 
the breadth of the fole ought not to be 
lefs than eight inches, nor greater than 
ten, reckoned from outflde to outfide 
behind, fquare over from the land fide. 
The only advantage attending a greater 
breadth of the fole, is the giving more 
room for the horfe and ploughman to 
walk on in the bottom of the furrow. 
But it is very improper to increafe 
this beyond what is abfi>lutely necef- 
fary, becaufe the removing the earth fb 
much farther to the right hand requires 
nearly as much more power, or labour 
of the cattle. 

It 
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It mud be obferved^ that what has 

been now faid concerning the breadth 

of the fole, relates only to the feather 

fock plough. The fpear fock plough 

differs in its manner of raifing the fur* 
row^ and requires a different form and 

pofition^ both of th^ ibl<^ ,^d mould* 

boards as will be (hown afterwards^ 

The form of the mouldboard fole, 
and its inclination to the land fide fole^ 
come next to be con/idered. 

This has been very frequently form- 
ed circular, or convex, outward, like 
the upper part of the mouldboard. But 
this (hape does not agree with the beft 
manner of turning over the furrow 
flice, which fho^ld be done by equal 
degrees, as the plough advances thro* 

equal fpaces. As the plough advances 

equally 
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equally^ the earth (hould be moved e- 
qually to the right haiid^ as well as be 
equally twifted over* This maxitn, 
thereforie, direds ixs to make the mould- 
lipard ible a ftr Jught line from die point 
of the (bcky to its hindermofl: end^ as is 
repreferited in fig. io. where I L is the 
ftraight line of the land fi^ and I K is 
the (Iraight line of the furrow fide, in- 
t;erfe6:ing each other, at the point of the 
focki 

The breadth of the feather is the next 
point of importance to be confidered,; 
This . muft be iii a certain proportion 
to the breadth of the fole, and of the 
furrow flice taken off by the plough. It 
alfo depends on the nature oif the foil. A 
foil free from (tones, and full of tough 
roots, requires a broad feather ; and a 

ftoney 
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ftoriey foil, with few roots, requires a 
iiarrovfrer one. We caa only mention 
the breadth proper for a middle kind 
6f foili and foils of very different quali^ 
ties miift have the feather changed on 
pitrpdfe for theni. 

When the (ble of the plough is nine 
iiiches broad, which will fuit extremely 
well a fiirrbw of eight inches^ niore or 
lefsi the breadth of the feather (hould 
be about fix inches. It is very ufual 
to make the feather of fuch a plough 
eight inches broad; and this has been 
thought by fome to be an improvement 
in the plough, bdcaufe it makes it to 
cut off* all the earth from the bottom of 

_ • I 

the furrow. But this great breadth of 
the feather is attended with two bad 
effe^s. The flice being completely cut 

L off 
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off from its bottom, fometimes breaks 
from the firm ground^ before it begins 
to rrfe on the (bck and mouldboard. 
By this means, it frequently happens 
that it is not turned over by it, but is 
merely (hifted away to the right hand^ 
retaining, its former pofition, with the 
fame furface uppermoil which was up- 
permoft before. But when the feather 
is two or three inches narrower than 
the furrow flice, a part of the flice onf 
the corner next the furrow is not cut# 
This keeps th&t corner of the flice fafl: 
till the reft of it rifes on the fbck and 
mouldboard ; and, by the time that it 
is almoft on edge, this corner breaks of 
itfelfy or is very eafily broken off by the 
wider part of the mouldboard. fole^ and 
then the flice does not fllde to the right, 

but 
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tmt is properly turned over. The tear- 
ing of this littie part occafions no re* 
iiftance that is worth minding. The 
refiftance is perhaps even lefs than what ; 
would happen on cutting it with the 
feather^ becaule this great breadth of 
feather would make it eut the earth al- 
moft perpendicularly, which is the fe- 
cond Inconvenience arifing from cop 
great breadth of the feather. 

On the other hand^ I do not think that 
the feather fhould be much narrower 
than fix inches, becaufe, when too great 
ft portion of the furrow (lice is left un^ 
cut, it requires more force to tear it, 
and the work is not fo neatly performr 
i^d, and the; mouldboard is prefled up, 
which throws the plough to the left a- 
bove, and fpoils the fliape intended tp 

be given to the furrow* 

The 
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The length pf the feather (hould bjs 
In propprtion to its breadth. Ten in^ 
jches alpng the land fide pf the fpck^ or 
1 2 inches along the edge of the feather, 
appears to nje tp be qi very pfpper 
length fpr a breadth pf fix inches. 
The making it mnch longer will leave 
top little rppm for bending the fock 
plate for filing into the plough. It 
is plain, however, that the longer wc 
m^ke the feather it will cut more obr 
liqudy, and meet widi lefs refiftance. 

The height of the fock feather, or its 
pofitipi^ with refpe(3: to the land fide, 
1% of fpnje importance. The outer corr 
ijier of the feather (hoqld be fquare with 
the land fide pf the plough, and on a 
level with it. It is true, that by this 
pofition the cut made by the feather 
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^Ul not be exa<^ly level with thefole of 
j:he plough, becaufc the poiot pf the 
feather \% % litt|e lower. But it is 
found, that whf^n thp whole fe9.ther is 
as njuch lower thai^ the fole as the 
point i§, the plough i? very apt tp ruqi 
put of the gfQund to the Jeft fide. The 
reaibn of whiph feems tp he this ; The 
right corner of the feather, and the 
jright ficje of the fpck, ate moft ftroftg- 
ly prefled down by thp fi)rrow^ whi^h 
is a . r$ifing. TTjis twifts the plough to 
the right above^ If, now, die feather 
Piould meet with any confiderable rer 
fiftaijLce, when the point of the fock is 
higher thgn the right cpmer of the fea- 
ther, the plough is apt to run upon the 
edge of the feather, and be thrown out 
pf the ground to the left. On the other 

hand. 
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hand, if the right comer of the feather 
is higher than the fble, it leaves a part 
of the furrow uncut, which the fole 
muft pafs over, and the plough is turn- 
ed over to the left above, unlefs the 
mouldboard fole be made higher than 
the land fide fole; in which cafe the 
work is not performed as it ought to 
be, with a fquare bottomed furrow. 

I mufl: here obferve, that as the point 
of the fbck cuts five eighths of an inch 
below the fble, for the reafbns given a« 
bove, it is neceflary to raife the moulds 
board fole as much higher than the land 
fide fole, that it may be cleared by the 
feather cutting before it. But if it be 
any higher than tlus, it will not remove 
all the earth which is cut by the fea-? 
Sher. 

Of 
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This forms the furrow fide of the 
{>lougb> by which the furrow flice is re- 
moved from that place and pofition 
which it has when cut by the coulter 
and fbck, to the place land pofition 
which it has when finally left on the 
ploughed land* This part of the plough 
has been long negledted^ the whole in-^ 
flrument having been confidered as un- 
worthy of the attention of perfbns (kil* 
led in machinery, who were apt to ima-^ 
gine that no rule was necefTary for the 
conftruftion of fo fimple an in(lrument« 
Thus it has been left in the hands of 
unfkilful country artifts, who, having 
no jufl: principles to guide chem, could 

neither 
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rieithcr judge of its defeats, nor of the 
means of its improvement; But it may- 
be affirmed^ thatt the coii(f riidlion of the 
plough^ efpecially of its mouldboard^ is 
of a very nice and coiriplex nsfture, and 
require; confideraWe fkill to make it in 
fach a manner as to pferform its work 
tof the wifli of the ploughmatn, and with 
as little labour a[s polfible to the cattle* 
I may alfb affirm, th^t with refpccft to 
the propriety of the work, plorughs of 
the mroft approved conftrudlion, and 
which have a great characfier, fall (hort 
of what a plough may be made to per-' 
form, in a proportion not lefs thain that 
of three to four* And^ with refpeft tor 
the refiftance, I may alfo venture to 
affirm, that with the fame fize of fur- 
row, and the fame finiOi of the work, 

thefe 
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tli^fe ploughs will give as much labour 
to three horfea as a better adapted 
plough will give to two* 

The form of the niouldboard niuft 
Jiave three prdperties* It muft keep the 
plough td a tlf dper hold of the ground; 
it ihtift rembve the earth to the furrow 
iide, arid it muft turn ic over* 

ijl^ It is by the back of the fock, and 
the fore part df the mduklboard^ bav-* 
icig the fiirrow flice lying upon them^ 
thai the fore part of the plough is kept 
iii the ground. Therefore, the weight 
4jf the furrdw will have the more power 
to keep the pldugh in the ground, in 
j^roportidn as the back of the fbck, and 
fore part of the mouldboard, are taott 
below it* The plough wiM alfo keep 
the ground fo much the better, in pro- 

M portion 
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portion as the earth ceafes more gradii^ 
ally to prefs down the mouldboard, aa 
it is turned oven 

in the next place, as it is by the back 
of the fock, atid by the mouldboard^ 
that the earth i^ removed from its fir ft 
pofitton, it is plain-, that the nigher that 
the back of the fock can come to a 
plane p^sirallei to the furface of the 
ground, and the greater breadth of 
furrow that can be lying on the bistck of 
the fock at once, the better will the unt- 
der furface of the furrow flfce ht 
raifed. It is plain too, that in.propor* 
tion as we make the twift of the fock 
and mouldboard more gradual, from 
the point and edge backwards^ the fur- 
row will be raifed with lefs ri£k of 
crumbling, and with lefs labour to the 

cattle. 
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cattle. The more dirc(3: that the fur^ 
face of the back of the fbck and moulds 
board is for leading the earth from the 
pne polition to the other^ it mud be ib 
much the histter for taking the quantity 
of furrow which is cut by the coulter 
a|^ fock all together, whereby there is 
a greater quantity of earth brought up 
from below, amd made part of the new 
furface ; But when the fock and mould* 
boarc) are of fuch a make as to havp 
little breadth below the furrow, and 
that little of an abrupt, or irregular 
form, there is but Jittle of the lower 
part of the furrow made to become part 
of the furface of the ploughed land* 
In land where tlje foil is neither clay, 
jtior free in rifing, but loole, or bound 
with deep roots, thp plough of fuch a 

make 
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make cannot raife above half of the 
furrow which U cut off by thp coulte}: 
and lock ; but, inflead of this^ pufhes ^ 
quantity of earth to the right, Jeaving 
the former furfacc ftill uppermofl, and 
covering that part of the furrow which • 
jOhould haye beeij r^ifed^ Theris is a 
plough made with an iron head, and 
fpear fock> without 4 feather ; and made 
with fuch a degree pf land, or tendency 
to the left, as to require the being hel4 
pver to the land fide above, in order 
|iot {tp run into iu In this podtion of 
the plough* the fple of the mouldboard 
behind i§ nearly a$ high as the furface 
of the ground j the back of the fock 
being very narrow, raife^ fp very little 
breadth of furrow, that the mouldboard 
could not follow it, if it were not fo 

high. 
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high. Such a plough can only make a 
triangular ruc^ and raife^ no more 
earth than what lyes in the angle be- 
tween the coulter and mouldboard fole, 
in the pofltion iqi which the plough U 
going, and this eai^th is, turned over 
upon the firm ground left to the right; 
hand untouched^ Hand covers it, fp that 

Ithe whole appears to be turned up. 
In the next place^ the earth is to be 

removed to the right b^nd. If this were 
all that t% to be done, tli0 moft proper 
form of the plough woujd be a half 
wedge, with its fore pdge perpendicu- 
lar, movii^g in the cut made by the 
coulter, and having its land fide applied 
clofs to the firm ground. Such a plough 
would remove all the earth to the right 
hand, keeping the fame furface upper- 

mqft whjch was uppermofl before. 

The 
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The power requilite to draw tWs plough 
forward diminifhes as the thicknefs of 
the wedge is Jefs m proportion to its 
lengthy or as the plough is longer in 

proportion to its width. It is true> 
that Mr Baron, in his treatife on the 
plough, denies this, and fays, on the 
pontrary, that a (hort wedge is more 
eafily drawn than a long one. He 
alfo fays, that when he made experi- 
ments with different wedges drawn 
thrQUgK.fand, he found the reflftances 
jto be proportioned to the length of the 
wedges, an4 he afcribes this to the 
greater tinie which the ground has for 
preffing on the longer wedge^ It is 
very true, that when the wedge is 
longer than another of the fame thick- 
jiefs, it is at any one time employed in 
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reriioving more eaf th, in proportion to 
its length. If, therefore, a plough were 
working in mere fand, or in foil as 
loofe as fand, and had nothing to do 
but to (hift this to the right, little ad- 
vantage would be, gained by making it 
longer: But, in foils which have any 
confiderable coheilon, the furrow flice 
muft be cut and bent afide. In the per- 
formance of which, there is an advan- 
tage attending a very long and thin 
wedge, as well as in all cafes of cutting 
and cleaving inftruments. It is very 
difficult to fay what is the proportion 
in which the advantage will increafe; 
but I may venture to aflcrt, that it will 
at leaft extend to that length of wedge 
which is lieccflary for giving ftcadinefs 
to the plough's motion. 

It 
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It has been fuppofed^ thaLt by making 
the wedge round on die furrow fide, it 
would recjuLre lef^ power to draw it 
forward ; and this fuppofition has beeri 
juflified by obferving the advantage 
which a (hip haS by being of this form. 
But there is very little referablarice be- 
tween the refiftancc of the water to a 
(hip, and the refiftance of the earth to a 
ploughs A Chip niovcs more eafily, by 
being rounded in behind, becaufe, by 
this means, the water falls in more eafi- 
ly to fill up the fpace left by the fhip* 
This, with other reafons^ renders that 
form the mod proper (or a ihip. 

But, in ploughing, the earth is not to 
fall in behind the plough, and, if it did,; 
it could not help the plough^s motion. 
It is true, by rounding the wedge back^ 

wards, 
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wards, the rcfiftance of its hindermoft 
part is diminirhed ; bat its ufc in re- 
moving the earth is diminifhed in the 
irery fame proportion ; for the wedge 
will not remove the earth but in pro- 
portion as it widens behind. If, there- 
fore, the widertefs of the wedge behind 
is fpecified, it will remove the earth to 
the fame diftance, whatever is the round 
of its furrow fide ; and the only cfTeft 
of roUiiding this fide, is to make it re- 
move the earth more fliddenly with its 
fore parts* This fliape, therefore, fo 
far from dimini(hing the refiftance to 
the plough^s motion, feems rather to in- 
creafe it, becaufe it makes the fore part 
of the plough ad like a wedge of a more 
fudden taper. Each part of the plough 
ivould aft like a wedge, tapered in the 

N fame 
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ianie direction in which a plane board 
would lye when it touches the plough 
in that part. Befides the increafe of 
refiftance, the wedge of this rounded 
form would be more apt to break the 
furrow^ without removing it regularly, 
than if it were ftraight in the fide. It 
is plain that thefe inconveniences mu{t 
be fb much the greater as the round of 
die fock is more forward. 

On the whole^ therefore, a ftraight 
furface is the moft proper fliape for 
the furrow fide of a wedge, whofe only 
office is to remove the earth to the righc 
band. 

But, as the earth ittrift be f aifed up, 
as well as fliifted to the right hand, the 
form of the wedge muft be different 
frt>m that now defcrihed, and muft re- 

femble 



Of the Mouldboard. 99 

femble fig. 7. No. 2. Suppofc a trian- 
gular block of wood, G F D E, of which 
the hindcrmoft and back edge G F is 
perpendicular, and whole lower back 
edge F E lies in the angle formed by 
the land fide of the plough and the 
{blei and whofe bafe F D E is a triangle, 
fquare at F, and (harp at £, and whofe 
breadth F D is the breadth of the fole 
behind. Suppofe now, that this block 
were cut through level at the height A 
B, the lower part of it will form a fort of 
wddge A C B E D F. When this wedge 
is drawn forwards, in the direftion 
F E, with its back furface A F EB pref^ 
fed clofe to the firm land, the fore fur- 
face B E D C, will fliift the earth to the 
right, and at the fame time raife it. Ac- 
cordingly this is very nearly the form 

of 
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of the mouldboard of theScotch plough. 
But there remains anotlii^r office for 
the mouldboard to perform, namely^ 
to turn over the furpow flice. This will 
not . be performed by either of thq 
wedges above (defcribed. It may be 
here faid, that the Scotch plough doesf 
really turn over the furrow. It docs 
fo, but for the following^ improper rea- 
fon. The plough is kept over to the 
land above, and the wrefl:, or mould- 
board fole, rifes confiderably above the 
land fide fole. 5y this me^ns the 
plough leaves a fmall ridge of untouch- 
ed earth between the bottom of the furr 
row in which it is going, and the bot- 
tom of the next. When the ftfaight 
mouldboard has (hifted the earth to the 
top of this ridge, it cannot remain there, 

but 
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jbut'falls over oji the next furrow. The 
plough, by this, appears to make good 
work, but this is only an appearance, 
becaufe there remains under every fur- 
row a ridge of earth which is not turn* 
pd up. 

Since then it appears that the three 
fold motion which muft be given to the 
earth, namely rifing, (hifting to the 
right hand, and twiftipg oyer, pannot 
be performed by means of a ftraighc 
ilded mouldboard, whatever pofition we 
give it, we muft Jiave recourfe to a 
twifted mouldboard, or one of a curved 
form. Accordingly mouldboards have 
Jong been made with a curve or twift. 
Thefe have differed very much in their 
[hape, as they came from the hands of 
fjifferent artifts. Such perfons, being 

guided 
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guided by no princi^db, could not be 
expelled to follow any one rule* Bu( 
the operation of the plough is a certain 
thing,. The earth is found by it in one 
place, and in one pofition, and muft 
be left by it in another place, and in 
another pofition. If the farmers are 
once agreed as to the place and pofi- 
don in wluch the earth muft be left, 
there is furely but one way in which 
this can be beft done, and therefore, 
when all ploughs are made fo as to do 
this, their mouldboards will be of one 
form. 

With refpeft to the firft, it feeras to 
be the opinion of the moft fenflble far- 
mers, that the earth (hould be (hifted 

about nine inches to the furrow fide, 
and that the furrow flice (hould ftand 

with 
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with that fide which was fornierly un- 
dermoft now fronting the ^and fide, 
and leaning back to the furrow jQde 
about forty degrees j fo that the furrow 
llice muft be twifted from its former po- 
fition about 1 30 degrees^ This plainly 
fixes the pofition of the hindermofl: part 
of the mouldboard^ where it quits the 
fiirrow* If any ^ther pofition of the 
earth is found by experience to be pre- 
ferable to tlus^ it is eaCy to vary the 
mouldboard accordingly. My bufinefs 
is not to inffarudl the farmers what 
fhould be the pofition of the earth when 
left by the plough^ but to make a 
plough which willleave it in the pofi-^ 

» ■ 

tton which their bed judgements ap- 
prove. The directions which I (hall 
now give on this head, will fliow that 

my 
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my principles will apply equally well td 
any opiiiidii which they may have irt 
this iniportant matter. 

The principle which (hould direfl: us 
is the following very fimple one. hs 
the beft way of (hiftitlg the earth to one 
fide, or of raifing it, is to (hift it, or 
raife it, by eq[ual degrees for every inch 
that the plough advances, fo the be{£ 
way of turning it ovefr, is to give It 
equal degrees of twiflt for every inch 
that the plough advances. If it is more 
fuddenly twifted in any one part than 
another, more force is required at that 
part, and the furrow (lice is more ex- 
pofed to the chance of breaking in that 
part, by which the regular pofition in 
which we wi(h to leave it is deftroyed* 

This 
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This being the principle, I proceed 
to give diredlions, by which any work- 
tnan, of coitlmori ilnderflandin^, may 
infallibly make a hiouldboard which 
fliall perforni its work as defired, with- 
out ever having feen one before, or be- 
ing obliged to copy* The directions 
SViU alfo help him to make a mould- 
board which flidll differ from the one 
to be here defcribed in iariy manner he 
|)leafes, Co a§ to perform the work with 
certainty, in any manner which a farm- 
er fhall defirci 

It follows, from the principle now 
laid down, that the moment the furrow 
is cut by the fbck, and begins to rife 
on its back, it (hould alfo begin to fliift 
and twift to the right hand. From this 
it follows, that the back of the fock 

O and 
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and mouldboard (hould make one con- 
tinued fair furfacc, without any inter- 
ruption, or fudden change. The twift, 
therefore, mufft begin from nothing, at 
the point of the fock, and the fock and 
mouldboard mufl: be formed by the 
ver^ fame rule. 

In the next place,^ there muft be fbmc 
certain line of the furrow, on which we 
muft always reckon the twift. This 
muft certainly be reckoned on a line 
drawn ftraight acrofs the furrow, fquare 
with the land fide. Let us fuppofe^ 
that the plough has juft entered on a 
ridge, which has been cut fquare a- 
crofs, and has advanced till the heel 
has juft entered the ridge. Then RID 
in fig. 13. will reprefent the fod as k 
then lies on the fock and part of the 

mould- 
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mouldboard. RI is the fide of the fod 
which was cut by the coulter^ and RD 
will reprefcnt the end of the fod as it 
was cut acrofs, while lying in the ridge* 
Therefore the angle R is exaftly fquare, 
and the angle D is within the fquare 
about 1 6 degrees, when the length from 
the point of the fock to the heel is 33 
inches^ and the breadth of the fble is 
nine inches, which is nearly the u£dal 
dimenfion^* This angle D continues 
the fame from the time, that the' point 
of the fock begins toraife and turn thq 
fod, till the heel p9^e^ the end of it at 
DR^ As the plough advances^ the angle 
approaches nearer to the fquare ; but, 
we xnay, without any material error, 
fuppofe, that it never changes from 
the time 'that the plough begins to raife^ 
the fod till it quits it. This fuppoii- 

tion 
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tion is very near the truth, sind will 
give us very eafy methods of forming 
|the mouldboard. I (hall poin(: out twq 
pjethbds for thig purpofe. 

The firft i§ by njeans of 3 prptraftpr 

an4 fcaje.. 

The protrai^Qr i? a icmipircle, divir 
ded ^5 Ufuil irtto 180 degrees. It is re- 
prefente4 in figure \\. and has gn in- 
dex or pointer 3 Q A moveable rounc| 
the centre O. One of the radiufes O G 
^s made to projetSt to a convenient dis- 
tance beyond the circumference^ The 
ufe of this inftrument is fimilar tq that 
of the common fuit-ftock, uf^d by car^ 
penters and joiners^ If the poii^ter A 
be fet to any number of 'degrees, fup- 
pofe 50, then the angle made by the 
edges C O, B O, will alfo be 50 degreesj^ 
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and a piece of wood may be worked to 
this bevel, by applying it fquare over 
to the edge of the piece of wood. The 
piece of wood may alCo be worked to 
any twift, Suppofe, that it is required tp 
be twifted, in fuc:h ^, manner, that it 
niay be fquare at one end, and half 
fquare at the other. Let one fide of 
the piece of wqod be planed flat, and 
with a ftraight edge. Let it be divided 
along this edge into 45 equal parts^ 
make the marjc 90 af: that end, where 
the wood is to be fquare. Mark the 
lirft divifidr; 89, the fecond 88, the third 
87, and fo on, till you come to the end, 
which wijl be marked 45. Now, fet the 
index of the protractor at 90, and ap- 
ply the angle COB to the piece of 
>yood at the mark 90, fquare with its 

edge, 
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edge. Let the wood be worked off at 
that place till it juft fits the angle of 
the protractor. In like manner, fet the 
index at 89, and apply the angle COB 
to the mark 89 upon the piece of wood, 
fquare over its edge, and let the wood 
be worried away till it fits the angle in 
that place alio. Proceed in this man* 
ner with all the different degrees of the 
protractor between 90 and 45, and the 
correfponding points on the edge of the 
piece of wood. It is evident, that by 
this means the piece of wood will be 
formed, £b that the wrought furface 
(hall have a twift, from the fquare to the 
half-fquare, increafing gradually from 
one end to the other, and every part 
of its length has a gradual increafe of 
twift. We may alfo vary this twift in 

^ny 
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any manner we pleafe, making it more 
fudden in one part than another. This 
will be done by making the fpaced a- 
long the edge unequal^ namely, fmall- 
er where the twift it intended to be 
more Hidden, and wider where it is in- 
tended to be more gentle. 

The other inftrument is the fcale, re* 
prefented in figure 12. which is no- 
thing elfe than a piece of hard wood, 
planed flat, and ftraight, and divided 
into any number of parts, equal or un- 
equal, according to the nature of the 
twift which the piece of wood is to 
havci \ The only ufe of this fcale is to 
fave the trouble of dividing the edge 
of the piece of wood to be twifted. It 
is of ufe, therefore, only in thefe cafes 
where we have occafion to make feve- 

ral 
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ral pieces of wood of the fame dimeri- 

fions^ and of the lame f wift. 

To ufe this fcale, the edge of the piecef 
of Wood muft be worked flat and 
(Iraight/ and in fuch a pofition that 
there may be wood enough every where 
to complete the twift. The fcale muff 
now be fixed to the piece of wood witii 
pins or fcrews, in fuch a manner thaft 
its different divifions may correfpond 
to thofe parts of the edge where the 
twift is to be, of that nurtiber of degrees 
which is exprefled by the divifions. 

In order to apply thele inftroments? 
to the purpofe of forming the mould- 
board, another circumftance muft be 
attended to. It was obferved before,t 
that when the plough has advanced the 
whole length of its fole, a line drawn 

fquare 
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fquare acrofs the furrow (lice, as it then 
lyes upon the mouldboard^ does noC 
make a fquare angle with the iitould-^ 
board fole, but falls about 1 6 degrees 
within the fquare, making an angle of 
about 74 degrees. I^or this reafon, it 
is ncceflary^ that when the edge B O of 
the protradlor^s index is applied fquare 
to the edge of the mouldboard fole, the 
plane furface of the protraftor {hall not 
be fquare with that edge^ bpt make an 
angle R D I of 74 degrees, (fee fig. 13.) 
For this purpofe^ the tail of the index 
BO mud notice a fquare piece, but 
bevelled to 74 degrees, as is reprefent- 
ed in figure 11. No. 2. where B E F G 
is the index feen endways, having its 
two angles G and E of 74 degrees. The 
protra^pr A C goes flanting through it, 

P and 
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and turns round the pin HO, which is 
fqiiare with the fides B G and E F. By 
this means the protr'ainjor A C will make 
an angle of 74 degrees with the upper 

edge of the index B E. 

The protratlor, with this change be- 
ing applied as above direfted, with its 
index fquare with the outer edge of the 
mouldboard fole, will always give the 
proper twill for the furrow, reckoned 
diredlly acrofs It. 

Now, let C, fig. 13. be the hinder- 
moft point of the mouldboard above, 
and let I D E be the ftraight edge of the 
mouldboard fole, or rather of the fcale 
fixed to it, and let E be the point, to 
which the index of the protradlor is ap- 
plied fquare, when the fide CO (fig. i r .) 
being opened to 1 30 degrees, juA 

touches 
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cpuches the point C of the mouldhoard^ 
(%• 1 3") Meafure the length from E 
to the polot of the fockf and make this 
the length of the fcale, (%• 12.) Di-^ 
vide this fcale into 1 30 equal parts^ and 
number the t^ns as in the figure i %. 
Nowy let tliis fcale be applied to the 
ftraight edge of the mouldhoard fole^ 
and there fixed with fcrews, fb that the 
beginning of the divifions niay be ^t 
the point of the fock^ ^nd the divifioa 
1 30 will then project a good way be- 
hind. the mouldhoard. This is repre- 
fented in fig. 14. where Q I is the land 
fide fole» C is the point of the fock^ and 
C B is the fcale. The protraftor being 
applied to this fcale^ in the manner a- 
bove direfted, will regulate the mould- 
board to one uniform twift^ from its 

hinder- 
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hindernjioft point to the vei^y pcAnt of 
the fock^ fbnnirig at [once th^ mould- 
^oard itfelf^ the fore edge of thp flieath, 
and the Back of the {qck. 

In qiing thefe inftrumentSi we muft 
alwaya be careful to apply the ' edge of 
the index fquare with the edge pf the 
jnouldboard fblej ancj thp part of the 
(bale which projefts behind the fble muft- 
be fupported, fo that it niay not be 
prdfled out of the ftraight by applying^ 
the fcale tp it. Negled:^ in eithier of 
thefe particulars, may produce great 
error? in the form of the njouldboard^ 

Jt muft i>o>y be pbferved, that the dir 
regions here given require a corredion, 
on account of the plating \yith which 
the mouldboard is to be covered. This 
jnay be doile by altering the divifion^ 
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of the fcale lii t|ie following manner : 
The fcaljs bfelrig four feet long, it is di-*- 
vided into 130 parts^ which ^nftrefs to 
the 1 30 degrees of twift, and it is mark-^ 
ed at every fiveV This iijakes 26 prin-? 

« ■ « 

cipal diVificlfis, each foot having 6f. Set 

off the* firft 20 divifions from C to H^ 

• ■ ■ ^ ^ , , _ ■ • 

(fig. 14.) the fame as if thd whole fcale 

* • • • - 

were divided equally ,- and put the mart;* 
^o at Hf Set off i^ Inches from H to 
A, and put the mark 20 again at A. 

• ' ■ > a 

j5et off 81 inches from A to D, and put 
the mark 50 at D, and divide the fpac^ 

■ * ■ • 

A D equaByr Set off 5I inches from D 
to E, and pot the mark 65 at E. Let 
the divifions between '5b *atid 65 gradu- 
ally increafe, being fmalleft at D^ and 
biggeft at E. The diftance from E to 
^ ^yilj now be two feet, and is to be di* 

vided 
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yided equally, in the fame manner as 
the yirhple fcale would have been without 
this corrections The blank between H 
and A is to m^ke up for the difference 
between the inner and o.uter fide of the 
ibck ; and the inequalities of the other 
diviiions ^ to make up for the different 
tjiicknefs of the ji^jdng. Although the 
^ould|3pard niade. by this corredled 
fcale has not the regular twifting of its 
parts, yet the furface of the iroji will 
l^ave that regular twift whiph b intend- 

From thi$ d^fcription of the inftru^ 
ipents, and pf the manner of ufing 
them, it is plain, that whatever opdnion 
farmers may have concerning the gra- 
flual variation of the twift which the 
plough mufl: give the furrow^ a mould* 

board 
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board may be made by thefc inftru- 
ments, which Aall produce the twift 
which is defired. Accortlinglf the fol- 
lowing divifion of the fcale gi^es a 
form of mouldbostrd which isr much 
approved of. The numbers in the firft 
column are thofe which are to be placed 
on the divifions of the fcale, arid the 
numbers! in the fecond column are the 
diftances from the hindermoft end of 
the fbck* 
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The following divifion of the (bate 
alfo produces a mouldboard which has 
given great fatisfacflion. 

Feet. Inches. 

2(3 - -^ 6 o 

3a - -^ a sf 

40 - - o 7 

50 - - o lof 

60 - - I a 

70 - - I 6 

80 - - I 10 

90 - * 2 2i 

100 - - 2 7 . 

lio --30 
120 - - 3 6 
130 - - 4 ^ 
I have already obferved, that this 
method alfo forms the back of the fock^ 
and the fore edge of the (heath. But 

Q, as 



Oft1)e Mouldboai'd. 
as it is convenient to know pretty near- 
ly the inclination and curve of the 
(heathy before it b framed into the beam, 
I^ (hall here give direftibns, illuftrated by 
fig. 15. The perpendicular height A 
e of the (heath, reckoned from the folb 
to the undfer (ide of the beam> at tht? 
fore (ide of the tenon of the (heath, i^^ 
rsf inches, and its inclination forward 
CD is 14^ inchesv The fore (id^ of 
the (heath may be formed to a circle I 
D, having the radius D O^of 18 inches^ 
the centre O being in a perpendicular 
above E, which is 19 inches from C*^ 
This will leave a (mall (pace between 
AC, which is not made up by the (heath, 
but this is of no detriment, for if the 
flbeath were fo far forward, working it 
tothe twift would weaken its tenon. 

Tlw 
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The part of the fcale before 20 is of no 
«ii£e in making the mouldboard^ as it is 
/before the point of the (heath. ^It ferves 

rto (how the point C, fig. 14. \vhere the 
land and furrow (ides inter(e(fl each 
Mt)ther. The fcale muft be fixed £0^ that 
SLO at A is equally forward with the 
.|x>int of the (heathy and the edge which 
is u(ed for ^forming ithe .mouldboard 
«nu(l be 2i inches from the land (ide a|: 
<the point of rthe (he^th^ and 3^ at L 
llVhen the fiioeing is put on the wood at 
rthis fize^ it makes the fole to be above 
tnine inches^ wluch is abundance of 
i>readth for general ;purpofe&« 

The other method which I (hall give 
^or forming the mouldboard^ is by an 
inftruraent; reprelented in fig. 17. which 
w.e Jca^U a beveli It conMs of a (traight 

jiiccc 
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piece of wood K M, which may be callr 
cd its handle^ and a rod N P, fixed inr 
to it at an angle equal to that which 
the crofi line R D of the furrow, fig. 
1 3. makes mth the mouldboard ible, 
namely, an angle of about 74 degrees. 
The lath A B is fallen ed to its upper 
fide, parallel with its edge^ fb as to form 
a (houlder, which can be applied to the 
edge of the mouldboard fole. This iur 
ftrument is reprefented endways in No. 
a. by which the angle or flioulder may 
be better feen. 

In prder to fee the manner of ufing 
this inftrument, confider fig. 16. where 
G is the point of the fock, G L the land 
fide of the plough, C R £ a line drawn 
parallel to it, along the furrow fide of 

the fheath, and C I the furrpw fide of 

the 
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the mouldboard fble. R A is the upper 
mould of the mouldboard, drawn to its 
proper thlckneft and pofition. This 
upper mould mufl be taken from a pat- 
tern made by the protra^lor and foale ; 
Or we may come extremely near the 
equal twift/ by making R A a (Iraight 
line, fet on at R, oppQiite to the point 
Y, which is two feet diftant. from the 
point of the fbck. RA muft make an 
^ngle A R E cf 46$ degrees. 

Now, let a piece of wood be chofen 

for the mouldboard. This muft be at 

/ 

leaft eight inches thick, and of the (hape 
reprefented in %• 16. No. 2. The 
lower edge G H muft be about aaf inr 
ches, the height O P 1 2 inches, the in- 
clination forward G P of its fore fide 
fnuft be z I inches, and the upper e^gc 

QA 
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.OA mufl: be about 24 inches* Whea 
jthis piece is joined to the plough, ioi 
fuch a n^anaer that the mouldboard can 
|>e workecl out of it^ it will ftaud in the 
pofitioQ^ $g. i^« A ORB being its up- 
per edge, and H C D I its under edge. 
For this purpofe^ it muft jbe hewed 
iSiway with a perpendicular ^i^ce on the ' 
land fide^ in fuch a manner that the 
loweft point forward C of figure 1 6p 
No. 2. nuay he at C in figure 16. No. 2# 
which is the iQterfe^^ion of thie; fmrow 
fide A I9 with the furrow fide of the 
(heath C R ; and the highefli point At 
behind figure 16. No. %. muft fall on 
A No. I . The perpendicular face a*- 
boveoientioned muft now apf^y clofe 
%o the furrow fide of the (heathy all this 
*y»y from C to §• Now, let the mould 

CJ 
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C I be drawn on the under edge of the 
piece of wood^ and the mould R Aon 
ks upper tdgty m their proper pbfition^ 
or inclimttion to each other^ as in the 
irgure^ and let the fore edge of the 
fheath on the land fide be formed ac- 
cording to figure 15. Every thing is 
now ready for applying the beveL 

Lay the (lock or handle of the bevel 
along the line G C, the end M of the 
fiock being towards G^ and the check 
or angle of the ftoclL being applied clofe 
to G C» flide it back along GQ tiU 

the rod P N of the bevel comes to touch 

If 

the (heath, which it will do at firft on 
the furrow fide. Let the wood be bew-^ 
ed away till the rod now touches the 
ibre edge of the (heath on the land fide. 
In this manner proceed backwards, aK 

waya 



\ 
I 
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ways Aiding theftock along the dratighft 
GI, arid hewing iway thd wood till the 
rod can touch the fore edge of the 
(heath on the land fide. This will form 
the inouldboard as far as the top of the 
(heath. Proceed in the fame man- 
ner^ always applying the (lock to the 
draught C I, and hewing away the 
Wood tin the rod can toUch the mould 
draught R A^ drawn dni the Upper edg^ 
of the mouldboard in its different parts. 
When this is done^ if the (lock be gra- 
dually drawn along C I^ and the rod 
slpplied to the fore edge of the (heath 
G Ry and the tipiper mould draughty the 
rod itfclf will (lide along the furface of 
the mouldboard, and will, in every (itu- 
ation, be perfedly fimilar to the edge 
of the protraftor, and perform the fame 

office* 

The 
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i Ke niouldboard made in this mati'* 
tier will hardly differ frdra that made 
by the fcale and protraftor, and may, 
like it, Bd varied at pleafure, by vary- 
ing the form of the fore edge of the 
(heath, and the form of the upper 
hiould draught R A; 

A gentleitian, wHd has been Co good 
as to look ovdr this performance before 
it was put to the prefs, has favoured me 
with the following obfei*vations on thefe 
two methods. 

** The method with the fcdle and pro- 
** traftor does not give art equable twift 
** of the mouldboard in arty part, ex- 
^^ cept juft at the point 1. The me- 
** thod witk the bevel is exaft all the 
** way frdm the point of the fbck to I. 
** Both the methods give too mueh in- 

R '' cli- 
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** clination ta the furrow after it. paflics^ 
•^ f, and leaYc it turned farther tliant 
*' r 3a degrees.^ 

As I make no pretcnfion to mathema- 
lical kirowfedge, I will not dlfpute the 
truth of this obicrvation,r cfpecially as 
I am irtfbrmed by my friend, that the 
deviation from a regufa-r twift is not la 
great *s to*afFeiS the performance of the 
.plougb very materialty. Befides, the 
reader fees by thisr time^ that this me- 
thod of forming the mouldboard, whe- 
ther by the protrafftor, or by the bevel, 
will enable us to give it a regular twift^ 
or any twift we pleafe. We have only 
to vary the divifions of the feale for the 
protratfjtor, in fuch a manner as a ma- 
thematician (hall dlred: for the twift re- 
quired^ If we ufc the bevel, the ma- 
thematician 
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thefnatician can inform us what (hape 
4if the upper edge of the mouldboard 
will form the whole (urface to the de^ 
fired twifl:^ And I reckon it a matter 
of fome <:on(equence to have pointed 
out a rule^ by which workmen may 
make raouldboards with abfblute cer«* 
tainty^ according to any given prin^ 
ciple, whereas at prefent they are made 
at random, or by the eye^ 

The'laft cir<cum(Unce Co be taken 
notice of with refpeft to the mould- 
board^ is die form of its hindermofl: 
end. This has been greatly varied by 
different workmen, although there is 
only one way of making it proper for 
its work, which is, that all the parts of 
it (hali leave the ftirrow in one inclined 
pljine^ This may bje very nearly done 

in 
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ia the mt^uldbo^rd now defcritedy by 
making thehlnderrnqft end of the fame 
curve .with the fbjne (end, the curve 
cutting the mowJflbqard, ajl at one 
length, as in fig. 13. W|ien themoqldr 
bo^rd is pf any other form, its. hinderr 
niofl: end may be formed fo as to leave 
d?e furrow in pnjp rpgular inclined line, 
^y the fpllowing eafy method. Let two 
parallel lines be drawn upon an even 
^oor, at the dift^nc/e pf the pxtrcme 
point of the h^\ of the mouldboa,rd fblp^ 
from the land fide of the plough, as is 
rpprefented in fig. i(). by the lines GI^ 
a^d QJT. Lpt the pipugh l?e fct with 
it? land fidp ^long (jL, fp that the heel 
of its mouldboard fole may be at I. 
lliTpwr, let a ftraight plank, of the fame 
fejreadth with the mouldboard, be fet 




I » ■ » 
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with its ftraight edge ; along f be line Q_ 
T, but leaning pvcr to the furrow fide. 
Let it noy/ be turned round upon thQ 
line Q^T, like a door on it? binges^^ 
till it touch the hindermoft end of the 
mouldboardt which muft be cut away 
till the plank touches it from, the heel 
to the top^ and ftands at the proper in« 
clinatlon to the. furrow fide^ After thi? 
deicription of the mouldboard^ and thisi 
account of the principle wki$:h leads tQ 
the corjftruaion, it feems unneceflary 
to draw any comparifons between diis 
mouldbqard ^nc) thole of other fpripsf ; 
and I doubt iniQt but that the reader 
Ayill agjrep with n|e in thinlclng that, 
this njerits tjip prefereijcp. 

As the deicription liitherto giveji of 

r • 

f^P plough^ has all along related to the 

|>l0Ugh 
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plough wbith has the feather ibck oit 
the (heathy it may be thought that this 
£cnifl:ra£Uon is proper for that Ifiad of 
ibckf and that manner of framing, on- 
ly* But it will correfpond equally well 
with other ibcljis and methods of 
framing, 

'When land is ftoney, the fpear-fbck: 
Ss thoughit to j^ the moil proper, and, 
in this caTe^ % plough framed with a 
head is thought better than one framed 
in the manner already defcribed • Such 
St framing is reprjefented in fig, x8f 
In this framing, the land fide of the 
Cheath mufl: be even with the land fide 
of the head, and with the land fide of 
the fore and hinder end of the beam. 
This is done, by giving the fheath a 
ftioulder upon the land fide, both above 

and 
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and below, and not making its tenom 
on the land fide, as is ufually pra^ifed. 
In this manner^ the upper tenon of the 
flieath may be through the middle of 
the beam> which will give it the great- 
er ftrcngth. Thus the latnd fides of the 
head and (heathy and ililt^ are in on^ 
fJane^ 

The curve of the (heath and its ivtr 

» ■ • 

jclinaiion forward, are to' be the fami? as 
in %• 15. as far down as the tipper 
iide af the head* Tire {Jopgh however 
will not be materially hurt, although 
the (heath has not ib much curve be^ 
low, which would perhaps weaken the 
louver tenon of the (heath, which, ipt 
this conftmdiion, is more over to the 
furrow iide than iifu^d* 

The 
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The ftilt may be either of fach a mould 

as is reprefented by thfe dotted lines ill ^ 
fig. 18. fo as to frame into the hiri- 
dermoft pai*t of the head, or it may be 
of the (ha[ie fciiprefled by the (haded 
pare of the figure j with a chock of wood 
between it and the heel, and an irori 
bolt through it, as C D. This is a much 
Urohger form, and lefs liable to rack. 
This framing of the plough may be u-*- 
fed either with i fpear fock, or with a 
feather ifock. The fpear fbck is repre- 
fented in fig. 19.' which fhdws the 
Ible of the head arid furrow fide, incli- 
ned as they fliould be, when the mould- 
board i€ made according to fig. 14. 
A crofs feftion of the hindermofl part 
of the fock is feen at N I, where E B 
A C is the iron work of the fock, B A 

its 
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its back, B £ its land fide, and A C its 
furrow fide, and C D the fole of the 
head. The back of thb fock behind 
will have very nearly the fame inclina- 
tion with the mouldboard of fig. 14, 
at that plaee. 

The greateft difference between this 
and the feather fock plough is in the 
height of the mouldboard fole^ As the 

fpear fock does not cut the furrow fo 

* 

low before the mouldboard fole as the 
feather fock does, the fole ititifl be if' 
inch higher all its length. Different 
foils require a variety in this refpeft. 

Another difference is, that the point 
of the fock mufl not be flraight with 
the land fide, becaufe, in this cafe, it 
would be too much to the left, and 
would not raifeupall the furrow, when 

S the 
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the eoulter is placed as before direcEleciy 

Tvhich is its mod proper poUtion in tins 

plough*, as well as in the feather . fockr 

fdough. 

When the feather fock is put 6n this 
head, ais is^ reprefented in fig* 20. the 
hindemroft tnd of. the fock is as N 2. 
CAB' being its back, anfd C £ its land 
fide.' This fock has nearly die fame 
indinajtixirn behind with the mouldboard 
of fig. 14, at that place. As this fock 
has a feather^ the mouldboard fole may 
be made as low as. when the fock is in 
the fheath# The point of the fock muft 
alfo be ftraight with the land fide of 
tlie plough. 

A feathered fock plough with a head, 
will admit the fock to be flatter above 
than when the fock is on the (heath, by 

which 



1 
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Which meaps there is more length of 
the plough below the furrow before it 
is turned up^ and the plough keeps 
fetter in tlie grouHid^ and feems, in 
this refpedly preferable to the ojther, in 
jKnls where obflades frequently occur^ 
which are apt to pujc the plough out of 
the ground^ 

. >Vheii the iron head^ widh the feather 
fbdCyiseiapAoyedythe twill: of the moiild-^ 
board id farmed in the fame manner^ 
but is Intended ttiore forwat-d^ becaufe 
the hindermoft end of the fock is fmallr 



^r. 
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DireHions for making Sock Maundrels, 

T 

• •■ ■ 

It is beft to have thfifc of caft metal. 

This requires a wooden pattern* This^ 
for the feather fbck oh the^ (heath, muft 
be formed to the regular twift by the 
fame indruments which arp iifed fot 
fi^rmiqg the mouldboard. For the fock 
on the head, the pattern is made pror. 
portiopflibly flatter, becaufe, in this cafe,, 
the twift is exteijded further forward. 



Diredions for framing the Plough, fig. i . 

When the fundry parts of the plough 
are to be marked for the tenpns and 
mortifes, they muft be laid in the pofi- 
tion which they are to have when the 

plough 
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idi6ugfiL:is made. The pofition of the. 
t^am jfor giving the proper hold depends) 
on two things, 17?, the diiFerent' length 
of the beam, and tlie height of its fore 
end from the: plane of the folet 2^, The 
inclination of the line of draught. If all 
ploughs were of one lengths from the part 
which turns the furrow, to the part of the 
beam by which the cattle draw, the rule 
for giving.them all the fame hold is very 
flhort ai^d fiinple ; namely, to jplacc . the 
fore end of the beam ^t thp fame height; 
abov:e the plane. of the fble? But thi? 
rule will not apply when the beams are 
of different lengths. The following mer 
thod may therefore be praftifed . 

A B (%• 22.) is a ftraight batten a- 
bout 10 feet long. Let there be a notch, 
^ud, or other ipark C, about 3 feef, 
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6 inches from the end A. Make the 
point H about 4 inches farther frpm A, 
which^ in tnofl: good ploughs, is nearly 
the diftance between the point of the 
fheath> and die inteH^^on of the line 
of draught with the fole of the plough. 
Draw a lure H hf making an angle* 
L H Ay equal to the inclination of th^r 
draught. This incliiiation is to btt 
found by dire£):ions which will be given 
afterwards. Make H M nine feet, aqd 
draw the perpendicular M L^ meeting 
the draught line in L. Make L G ar 
bout five or fix inche^^ and draw the 
line G H. Take a flr^ght batten £ F^ 

and lay it on the line G H^ fb that its 
middle K may be about four feet frpni 
H# Let the battens E F and A B be con- 
neded by a batten A K nailed to both^ 

which 
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which will keep E F in its proper placid 
and inclination^ 

Now, let the fheath he cut by a mould 
to its proper curve ferward, and ar 
draught made for the folc, or let it btf 
alib formed on the end which is to be" 
the fole;. Ii!frt ic atfo be marked at thtf 
ftetght, where its tenon is to beginV 
Let the .ftilt slfo be cut to its proper 
motildv Ni»*, place the fheath witK it^ 
&>ie draught on the edge of the batten 
AB, ^ffdit^pcnnt atthe noth c* Pfoce 
alfo the ftilt \n its proper pofitioii^ Then 
lay the l^am, with the ulidi^r pai^t of 
its fore end, on the edge of the battett 
£ F, and its under fide ori the tenon 
mark of theilieath. Slide tlie point of 
the beam backwards pr forewards along 
the edge E F, always keeping its under 

fide 
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* 

fide to the tenon mark off the ffieatli^ 
till the other end of the be^iti projects 
fiifficiently behind the ftilt, for giving 
a proper length of tenon. The niorti- 
jfes and tenons muft now be marked, 
white the parts are in thi^.pofition, and 
the plough will have its pfoper hold for 
the inclination of the draught, and 
when the bridle is added, the plough 
will keep its heel well totlue-ground*- : 

If the plough ii to be worked with a 
biidte and chain, a piece muft be-fixed 
to the fore end of the beam, wheA it is 
laid down for mdrkirtg, which will inake 
the part which touches thfe batten E F 
to correfpond with the fituation o£ the 
point of draught in the going plough* 

The part of the batten A B, which is 
behind the heel of the plough is for ad- 

jufting 
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jufling the height of the ftilt handles • 

This mud: be the fame whatever is the 
length of the ftilt, and for ordinary 
men, muft: be about three feet two iti^ 
ches from P to B« 

The afcent or inclination of the line 
of draught depends both on the height 
of the cattle, and the diftiance from the 
plough at which they are yoked. When 
the horfes are ftanding in the draught, 
let a plumb line be applied to that point 
of the chain or draught rope which 
goes through the backhand. Meafure 
the height from the ground, and the 
diftance of the point of the ground 
where the plummit falls from the ppint 
H, three inches behind the point of the 
fheath. When two horfes are going 
abreaft, as one of them is on the un- 

ploughed 
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|)loughccl ground, we mud add half the 
depth of the furi^ow to the raeafure ta- 
J:cn as above direfted.' Wheirqn? horfe 
jb yoked before another, in (U^h a man* 
Aer as to make two alcenis pf draughty 
a middle between tfc^fe may be taken, 
if both are of equal (Ipengtb* If they 
^re not eqxiai ki^ ftrengthr the medium 
Knte of draught will be nearer to ih^ 
draught hue dF the ftrongeft^ Thus, if 
HN be the djrainght line of the hinder^ 
inoft horle, and H O the draught line icif 
the forembft ;; and if the drau^t of the 
firft is ftronger than that of the laft, in 
the proportion of five to four, for in-^ 
ftance, make H N five parts of any 
fcale, and R O four parts of the fame 
fcale. Mak^ N P parallel to H O, and 
P P parallel to HN, Thefe two lines 

will 
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Will meet in F, and H P will be! the di- 
re^bn of the medium line of draught. 
The framing on the flieath required 
(Only this fartker diredion in addition 
to n4iat iias Uden already laid; namely^ 
that in order to oxal^e k^ land fi^e od 
the fame {4ane with^ die land fide* ojT the 
foleiandf attheianie tirae^ Its tenoti 
near ^ middle .of the beatik, it mull 
likv«ft'(hcmldei'.«iiitheland'fidi;: TliUr 
'<in&GM(ka iieed£6 e^idedTd | of an iiycli; 
The l^d iidc; of t&e ^Iif^ idtift dib'be 
iit the'.fW^ fiB&p^K tHef diekth'^iid 
Tole. 
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In fixing on the furrow fide of the 
plough^ the In fide of the mouldboard 
snuft be hew^ tiU it is reduced to the 
thicknefs of 2, or si inches in the 
Pliiddle^ where the little (lilt is to be 

filxed^ 
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fixed. The upper tide and hindermoft 
end may be made thinner^ becaufe diey 
are. expofed to lefs ftrain. The mould- 
bpard is then fitted on to the (heath, at 
its proper inclination with the land fide 
of the plough, gnd the proper width 
behind. The little ftilt is then fitted to^ 
apd markfd for its proper height. The 
mouldboard being now taken away 
again^ the little ftilt b nailed to its pro? 
per place. The mouldboard being a^. 
gai|ti put on as before, the (tilts are 
fapred forthe rungs^ and marked for 
the length* 
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Of the Ufe of a Chain on the Plough, 

Wlien a plough is made with fqch a 
degree of hold as in fig. 24* the point 
C of the bridle, to which the draught U 
appli,ed^ i? Jcept in its pofition by means 
of a chain C P, which is hooked to a 
ft^Je at P, at foiQe diftance behind oq 
the beam. Thp chain may be made 
fljiorter or Ic^nger by ipeai^s of the click 
in the ftapleD; and by thismeans, the 
point of the 1?ridle C is kept in a cirdbe 
round thie cenjCre bolt B, and theplongl| 
gpts ipore or lefs hold, according as the 
chain is made Ipnger or fhorter. When 
t^e plough is mounted in this manner^ 
the point of the beam is ^t higher than 
^hen no chain is ufed, although the 
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height of the (heath he the fame^ as ha^ 
been already abferved in the diredions 
(or- framings* The ploughmen call this 
^ihg the ptough greater redd or free* 
ddm. Thitf fop^ of the |ilough enables 
us give it greater chatnges of hold 
than when ^ ibiidle is uAsd without a 
ichaih, heeaufb tfie' bridl? ms^ be made 
Idngeirfromtte'bok^ without any dan- 
ger of bre^Mng^ bdng fttf^rted hy the 
phaitr. Th^ part of tfee beam sdfi> Yk^ 
tweea tjie bridle abd flapie is fbnjiewiiar 
iecared from bre^ng upwards ; and if ' 
the ftaple could be conveiiielitfy plaiied 
at the very (KR, it would be'ftifi mom 
fccarcv This bridle isr ina^ with 
notches on each fide of the iuiddfe, in 

order to give the plough mofre or Icfs 

land. 

When 
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When two horfes go a-breaft, the 
draught Ime faHa in with the direi^oh 
of the plough^ or is right sdong the 
beiam* But when the horfes go all in 
the fui*towy the draught line i^then re- 
moved to the right, fomething mbre than 
half the breadth of the furrow, ((ce 
%• 25* ) where A D ]l^ reprefents the 
draught line, when the horfes are all 
in the furrow, and A £ C is the draught 
line when the horfes are a-breafl. D is 
the point where the line A D B fall& in 
with" the furrow, and A is the pokit 
where it faUstn with the centre draughts 
D £ will then be the diftance of the 
notch of the bricUe, upon which the 
chain fhonld be {^ced, from the other 
draught line AEG# It may be obferv- 
ed of this manner of drawing, that the 

draught 
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draught line can never fall parallel with 
the direction of the plough. Indeed, 
even where the hories are a-breaft, the 
draught line is not exadlly in the di- 
redlion of the plough, becaufe the land 
horfe generally keeps more than nine 
inches from the edge of the furrow. 



Of the Ufe oftFheeJs to a Plough. 

From the defcription which has al- 
ready been given of the various parts 
of a plough, and the reafons which have 
been offered for giving to each of them 
the form which I have recommended, 
the reader will fee what part of the work 
is performed by each, and will be able 
to judge of any alteration which may 
be propofed by way of improvement^ 

whether 
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Whether or not they tend to make a 
plough j^rforiii bettfer work, be more ea- 
fily dra\Vil,more regular ih the draught, 
6r more eafily ttiatiaged* Care has beeti 
taken of e^ch of thefc things in the for- 
going conftrudtidns, and experience 
(hows that d plough may be fb made^ 
as that, when working in even and well 
drefled ground^ the plough will per- 
form the work almoft of itielf, requir-" 
ing very little attention from the 

ploughman. 

But ploughs have beeti uied which 
are of a very different cohfl:ru6tion^ 
having many parts which are not in the 
plain plough, the fubjeft of the forego- 
ing fheets^ As thefe ploughs are now 
in great vogue, and mucU ufcd both ia 
England 2Xid other countries, and as 

U the 



/ 
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the parts added are intended for pro- 
ducing forae of the good efre<n:s juft 
now meritioned^ it will be improper to 
pafs them over without notice in this 
treatifef The chief of diefe propofed 
Jmprw^ii^^nts ii the addition of wheels 
to a plough, which fliall therefore be 
particularity cbnfidercd in this place. 
• Iij baa beerr a very general opinion;^ 
that the addition of wheels is an im- 
prjovemettt c^f the plough^ but artifts 
have differed exceedingly, bpth as to 
the martncr, of applying them, and the 
part* to: iwhieh they ftiould be applied » 
Since -thefc parts are only fubfervieftt ta 
the part of the plough whiph realfy^ per-^ 
forms. the work, and as the maffoer of 
adirtg of- a. wheeled plough differs con- 
fidefabiy ^rom that of: a- plough without 

wheels 
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\vheels, we muft coniider particularly 
their a£J:ion, at . the difFerent partis to 
which they may be applied, in t>rder to 
Judge of their advantages or difadvau- 
lages.* . The reader alfo will eafily fee, 
that the form of that part of the plough 
which is in the ground, and really per-^ 
forming the work, muft be regulated 
by the fame principles in both cafes, 
and that what is raoft proper for the 
one will alfb be moft proper for the 
other. 

One manner "in which wTieels have 
been ufed, is to have two wheels appli-^ 
ed to the beamj by a carriage. Wheels 
applied in this manner have their prin- 
cipal effed: in regulating the plough, by 
giving it a certain quantity of furrow, 
^idiei; in breadth or depth. While one 

wheel 
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M^heel contlnpes in the.furrow^ and die 
plough is fet tQ take any given breaddi^ 
it muft keep that breadth very regular r . 
Jy, and pot he liable to make any fudr 
dent beqd^ and is therefore very proper 
for Ijieeping ground ftraight that is air 
ready 1^14 out in ftraight ridges. Alfo, 
when the beam is fjxed tp any height of 
the wheel carriage, the plough muft be 
kept at a fixed depth, and, by (hifting 
t,he beam higher pr Jovver, the plough 
may be made to jgo (peeper or (hallpwer, 
as pccanon may require* When, there- 
fpre, the foil is equally deep, and free 
frpm obftacles pf ftones or roots, this 

plough muft require little labour in 
managing it. 
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But, on the other hand, when the fur- 
face is not a plane, either level or in^ 
clined, but has a number of heights 
and hollows, as. is frequently the cafe, 
efpecially in crofs ploughing, the wheel-^ 
ed plough cannot be (b proper as the 
one without wheels, which the plough-? 
man can regulate to his mind, whereas 
the wheeled plough is out of his power. 
In like manner, when the foil is not c- 
qually.deep in the length of a furrow, 
or would require to be ploughed to dif- 
ferent depths at different places, it can- 
not be proper to have the plough fixed 
to one certain depth. It is known that, 
in general, the crown of the ridge will 
^dmit of being deeper ploughed than 
^hat is rjear tjie furrow. 

It 



*». 
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It mufl: alio be obierved^ that in male* 
ing the firft furrow of the ridge, the 
wheel which, at all other times, goes in 
the furrow, mufl: now be as high before 
the furrow is made, as the one on the 
unploughed ground* This requires the 
plough to be altered every time we 
make the firfl: furrow of a ridge. On 
the other hand, when a plough is mak<^ 
ing the laft furrow of a ridge, the wheel, 
which, at all other times, goes on the 
unploughed land, is now in the furrow 
of the former ploughed ridge, or on 
die oppofite fide of the fame ridge* 
This will, in like manner, require an 
alteration of the plough. 

From thefe obfervations, it appears 
that inconveniencies arife from keeping 
(the plough in one uniform depth, and 

that 



ft 
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that by the frequent alterations here* 
fpecified, very little labour is favcd ta 
the ploughman upon the whole. It 
muft alfo be obferved, that the part of 
the wheeled plough in the furrow muft 
be the fame as that of the plain ploughy 
when the centre draught is the fame^ 
But, in this plough, the draught line 
has often two different afcents, one 
from the part of the plough a£Hng irt 
the furrow, to the wheel carriage, and 
the other from the carriage to thccattle^ 
To this is added the draught of the 
wheels and czrnzg%4 - 

In finding thte draught line of this> 
plough, we inuft confider the parts upoa 
which the preflui*es are exerted • With 
refpedl to the part of the plough which 
is in the furrow, thq prefllire is exerted 

on 
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on that point which we have called the' 
centre of a£lian; This will vary alittle^ 
by a change in the depth of the fur- 
row, and by any difference in the 
length and pofition of the fock and 
coulter. But, in general^ when the difj- 
tance between the point of the (bck . 
and the heel is two feet nine inches^ the 
draught line will interfeft the fole about 
14 inches back from the point of the 
fock. 

. With refpeft to the carriage^ the 
preflure of the draught is always exert- 
ed on that point to which the draught is 
applied. Som6 may think, that the 
preflure of the work is exerted on that 
point where the beam reds upon the 
carriage. But, in whatever way the 
carriage draws the plough, or beam, or 

ia 
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in whatever way the carriage is made, 
it has all one cfFc^H:, and the draught 
line will never follow any elevation of 
the beam^ nor the various turnings of 
the different parts which conne6l the 
centre of adion with the part of the 
carriage to which die draught of the 
hories is immediately applied, but 
makes a ftraight line through them alL 
Thus, then, there are two afcents of 
draught, one from the centre of aftiori 
to the draught point of the carriage, 
and the other from thence to the horfes. 
If thefe two afcents make but one 
ftraight line, the plough will, in this 
rcfpedl, differ very little from the 
plough without wheels, becaufe then 
there is no preffure upon the wheels. 
It is true, that the plough will not go 

X deeper 
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ckrepcr, but it will be eafily thrown out^ 
If the firft afceni^of diauglit is greater 
than the fecond, fb as that they make 
an dngle below, at the part of the car- 
riage which is drawn by^ there will then 
be a\pre(riirc upon the wheels, and the 
plough will be regulated in its depth, 
and will go fteady. This preflureupon 
the wheels wifl be (b much the greater, 
as the two afcents of draught differ 
more from each other. 

It is thought that power is gained by 
thus railing the Fmte of draught upon 
the carriage^ becaufe, in the common 
way, the draught is partly employed in 
pulling die plough out of the ground, 
and the remainder only is employed iti 
pulling the plough forwards. In the 
wheeled plough, the draught of the 

cattle 
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cattle may be made parallel with the 
bottom of the furrow ; but it muft be 
here obferved, that by giving this di- 
re^lion to the draught of the horfes, we 

increafe the preflure of the wheels ; and 
while power is gaioed by leflcning the 
afcent of draught, power is alfo loft by 
increailng the preflure upon the wheels. 
I am of opinion, that, when thefe circum- 
ftances are duly attended to, and when 
we confider the uneven and compref- 
lible furface upon whiph the wheels 
muft move, we ftiall find that no power 
will be gained by placing die draught 
higher upon the carriage than the 

ftraight line which joins the centre of 

« 

action of the plough with the height of 
draught, as it comes from the lower end 
0f the horfes backhand. With refpedV, 

there-* 
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therefore, to the eafinels of draught, the 
wheeled plough does not feem to poflefs 
iiny advantages, ^nd it is loaded with 
die additional, weight of the carriage 
and wheels* 

There is a wheeled pldugh of a much 
piore artificial conflruAion than the 
one now defcribj&d^ having wheels or 
rollers applied to that part of it which 
|s in the furrow* 

In order that the furrow iide of a 
plough jnay ihift and turn the earth in 
the manner defired, x^^ plough muft be 
fupported againft the rpfiftance which 
It meets with from the earth. As the 
earth is r^ifed and prefled tq the right, 
the plough is prefled downwards, and 
to the left, and muft be fupported by 
X\\t bottom of the furroW;^ and by the 

firm 



Of the Ufe of Wkels. 1 65 

firm ground to the* left* The fole and 
land fide of the plough are therefore 
ftrongly prefledj and cxpofed to great 
friction, in the fame manner as the fole 
of a fledge drawn along a foft road. In 
the plough now under confideration, 
a wheel has been fubflituted in place of 
the fole, and another wheel, or rather 
roller^ with a perpendicular axle and 
horizontal motion, has been fubflituted 
in place of the land fide. This plough 
differing from a common plough in the 
fame manner as a wheeled carriage 
differs from a fledge, it has been called 

a carriage plough, while the common 
ploughs are called fledge ploughs. It is 

« 

alfo commonly known by the name of 
Jvloore's patent plough. As thefe 
wheels are placed in the tnofl proper 

jnanner 
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manner for producing the effed chat 
. is defired, this [dough is very fit for en- 
abling us to Judge of the value of this 
improvements The improvement is 
fuppofed to be the fame upon the plough 
that wheels are fuppofed to be upon a 
fledge. The fuperiority of the wheel- 
carriage above the fledge is well known. 
Now it is thought, that as the wheel, 
which, in this plough, performs the of- 
fice of the fole, is 1 6 inches in diame- 
ter, while its gudgeon is but one inch, 
the refiflance to the plough^s motion 
arifing from the fridlion of the fole is 
diminifhed i6 times. 

Granting this, the improvement is not 
fo great as is commonly imagined. For 
a wheel of 1 6 inches diameter cannot be 
placed fo near the pointof the fock, as 

to 
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to perform .thie • office of the fole. It 
only performs the office of the heel of a 
plough* Now, we have feen, that the 
preflbre upon the heel of a plough^ arid 
Gonfequently its frid^ion, is not confider- 
able, if tlie plough is conftrufted accord- 
ing to good principles, being nothing 
more than what is neceflafy for making 
the plough fteady in its motion. In 
iMoore*s patent plough, the prellure of 
the heel may be reduced to nothing, 

hecaufe it has wheels under the beam* 
But in the way in which it is common- 
ly made, the prefTure at the heel is very 
conflderable, and the fri^ion may be 
greatly diminilhed by means of the wheel 
at the heel of the plough. This advan- 
tage however is much more than balan* 
ced by other inconveniencies. The 

folc 
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fole of a common plough being made 
fmooth and even, and in the dire<flion 
of the plough^s motion , it fuffers no re- 
fiftance, but what ariles from fridion 
alone* l^reffing upon the furrow with 
its whole furface, no part of it can fink 
deeper than another* It i^ alfo well 
known, that its fricf^ion is the fame whe- 
ther its whofle furface is prefling, or on* 
iy fome p'atts- of it. By experiments 
which I have made with great care, I 
have reafon to conclude, that the fric- 
tion of a plough fole does not much ex- 
ceed the fourth part of the preflure which 
is aftingon it. I have aHb made expe- 
riments with a wheel placed in the man- 
tier of Mr Moore's. I have found its 
refiftance to be very irregular, accord- 
ing as the foil was uniform or not. A 

wheel 
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wheel of 16 inches diameter requires 
near \ of its weight or prefTure to draw 
it over an obftacle one inch high, and 
near one half of its weight to draw it 
over an obftacle two inches high. Many 
fuch obftacles occur in the bottom of a 
furrow, from hollows, eminencies, ftones, 
foft places j arid loofe mould, which tum- 
bles in, and it Would be but a moderate 
eftimatlon to reckon them equivalent 
to an obftacle of ^vo inches high. The 
refiftance therefore to fuch a wheel is 
nearly double the refiftance to a com- 
mon fole plate. I do not by this mean 
to aflert, that the refiftance to Moore's 
plough is double of that of a common 
plough, becfiufe I have obferved already 
that the refiftance at the heel is but a 
fmall part of the whole refiftance to 

Y which 
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which the plough is expofed, and it is 
this refiftance alone upon wliich the 
wheel makes any changfe. 

I will now add, that ufing of thi^ 
wheel in place of a common fole, great- 
ly hurts that fteadinefs of motion, which 
we have been at ia much pains to pro- 
cure, and which is ont of the greatefl 
properties of a plough* For, as the 
wheel finks into a hollow, or goes over 
an eminence, the point of the fock muft 
be raifed or deprefled- Accordingly it 
is found, that when it is ufed without 
a carriage under the beam, the plough 
goes with a very hobbling motion, and 
although the beam-carriage prevents 
this in Mr Moore's plough, k muft be 
acknowledged, that the labour of the 
cattle muft be incrcafed on this account. 

With 
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With refpecl to the wheel which per- 
ibrms the office of the land fide, the 
^me inconveniencies mufl attend it in 
a greater degree, becaufe, from its (itu- 
aiion, it cannot be above nine inches 
diameter. Indeed, it cannot be nearly 
fo big, without proje<fling too much to 
the right : it is, therefore, much moi*e 
affecfted by any inequality of furface 
than the other wheel. The bad effects 
of thefe inequalities are more confider- 
able on this wheels for this additional 
reafon, that the wheel itfelf is placed in 
apart of the plough where there is 
really a greater prefTure. 

A plough of this conftruftion, but 
without wheels under the beam, has 
been tried in company with other 
ploughs of the common form, and it 

was 
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was found to require at leaft a thir4 
more power to draw it. I did not, how- 
ever^ attribute the whole of this to the 
whep|s, bccaufe the plough was defec- 
tive, in the conftruftipij of its other 
parts. 

There is another wheeled plough 
which defer ves to be taken notice of, 
becaufe it has met with the approbation 
of the fociety in London, for the encour 
ragement of arts and manufacflures, and 
Jias a very great name, as the plough 
which is drawn by the leaft force pof? 
^ble. The make of the body of thi^ 
plough is not very different from that 
of the Rotherham plough, from the 
point of the coulter and the fock back- 
wards* It differs a little in the manner 
of framing, the left ftilt being extend- 
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ed forward, fo as to ferve in place of 
the (heaih. The mouldboard alfo is fo 
contrived, th^t it may be fet at different 

widths. 

This plough has three wheels. One 
of them is placed uqder the fore end of 
the bean), w)iich has a bend upwards at 

the place of the coulter;^ on purpofe to 

» • 

give room for a wheej of two feet three 
inches high. The other two wheels arc 
on an axle-tree |ixed to the beam, ^ 
little behind the point of the coulter 
and fbck. One of thefe wheipls treads 
upon the unploughed gropnd. The o- 
ther is let down by means pf a crank 
upon the axle, £q as to go at the bot- 
tom of tl^c furrow on the right fide. 
The third wheel is fixed to the beam by 
g fr^me, w[iich comes back as far as thp 

point 
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poiat of the cooker, where it is fixed to 
the beam. A part of the frame comes 
perpendicularly up from the centre of 
the wheel, and goes through the beam 
like a llider, fo that it can be fee at dif- 
ierent heights. By this means the 
plough is tempered to any particular 
depth*. Thus the plough becomes a fort 
of wheel carriage. 

' The view of the fociety in making ex- 
periments with this plough, was to dif- 
cover whether the whole amount of 
fridion on a well conftrudled plough 
was an inconvenience which was worth 
regarding. The refult of the experi- 
ments was, that it was not. The refult 
could not be otherwife ; for the effed: of 
thefe wheels was little more than carry- 
ing the weight of the plough itfelf. 

One 
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One of the wheels, indeed, ads a little 
like the wheel in the fble of Mr Moore^s 
plough, and has all its inconveniencies. 
This difpofition of the wheels is at- 
tended with other great inconvehien-* 
cics. As two of the wheels arc very 
near the point of the coulter and fock; 
whenever both, or one of them, are 
railed upon any eminence, the point of 
the plough muft imitiediately rife, and 
the connefting parts are cxpoftid to very 
great drains. When the wheels have 
got over the eminence, and would come 
down again, they are pre vented,, be- 
caufe the fock is now at a lefs depth 
than before, and muft advance fome 
fpace before it can regain its former 
depth. By this means the wheels arc 
often kept from preffing on the furface, 

while 
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while, at other times, they are tnoft vi- 
olently fqueezed to it, fo that the 
plough is neither regular in its depths 
rior in the labour which it gives to the 
horfcs, urilefs the ground be a fmooth 
plane. Even in this ca{e> the labour of 
the cattle is confiderably increafed, be* 
caufe the two wheels, being fd near the 
coulter and fock, are violently fqueez- 
ed into the grounds By thus finking 
into the loft earth, they require a force 
to draw them forvsrard, nearly equal to 
what would draw them over an obftacle 
half as high as the depth to which they 
iink. 

I have given this account of the 
wheeled plough, in order to (how, tliat 
befides the other inconveniencies to 
which they are expofed, they are not 

adapted 
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adapted for procuring the very advan- 
tages for which they are intended. 
The advantages alfo are but inconfider- 
able, and by no means equivalent to 
the great additional expence, to the 
rifque of going out of repair, and the 
trouble of keeping them in order* I 
migljt have faid, that they podefs no ad- 
vantages over the fledge plough; for 
they cannot be ufed except in well dref- 
fed ground, free from ftones* In fuch' 
foils, there is no ufe for them ; for it ap- 
pears that the principles upon which a 
plough operates, while it is performing 
its work in the manner required by the 
farmer, arc lb certain, that a plough 
may be made which will perform the 
work with hardly any attention on the 
part of the ploughman. WTiether T 

Z have 
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have fpccceded in giving a conftrHftian^ 
qf a plough which is pcrfcft in this re- 
fpeft, the reader muft judge, or cxpe- 
r^nce mull determine. The intelligent 
reader muft fee that the thing is pof- 
iibte; and if ever it is done, the plough 
Gonftrudled in this manner muft be pre- 
ferable to' all others> for cheapnefs, jim- 
plicity, eafinefs of being kept in repair, 
and its ca;pablenefs of being adapted in 
an inft^it to every change of i<Hl which 
the ploughman can obferve. 

Here follows the defcription of a 
plough which can turn the furrow to 
either fide at pleafure,. and is therefore 
ufcful for ploughing along the fides of 
fteep hills, where the^ furrow muft at* 
ways be turned to the lower fide# Sec 
fig. 23. Nos. I. 2* 3. 4. 5\ 

No. i« 
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No. I . is a view of the frame part of 
the plough before the mouldbaard is 
put on. The redd or curve of the beam 
cannot be left than is reprefented in the 
figure^ otherwife k would not leave 
room from che motion of the conker^ 
which is all below it, as is reprefented 
tn fig. 2« A much greater curve is 
hurtful^ by reafon of the weight of the 
plough being too high^ becaufe this 
plough mud always be leaning coniir 
derahly to tjtie land fide. 

The Silts may be made in four diffe*^ 
rent ways. ifi. A half length of a (lilt 
may be framed to the beam, and fixed 
to the (heath and head^ and the whole 
kept together by a bolt E F, as is repre- 
fented in No. 1/ To the part above 
the be^mi two handles may be fixed by 

three 
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three rungs t 2dh^ A piece of wood 
fxiay be taken, which has a cad to the 
left hand, fo that it wijl anfwer for the 
left handle, when it is framed to tho 
beam, ipis already mentioned. To thid 
may be fpUced: a handle of an equal 
jcaft to tjie pppofite iide, s^&fy, A piece 
of wood i»ay be. formed wliich has a 
nitural fork^ fuited to this'purpofe. 
4/^/y, A piece of wood may be taken 
which has a proper caft for a ftilt up 
and down, and of fuch toughnefs, thaU 
when it is fawn along the middle, near 
to the be^m mortife, it will bear to bo 
bent ^fide to the necelFary width. 

The (heath is^bout if inch thick by 
five inches broads The head is three 
inches deep, by four inches broadt Iri 
fframing of thefe parts together, they 

are 
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are all placed in the dire^ion of altiie 
along the middle of the head and 
beam. 

• • * ■ . • 

The left mouldboard- is ieeti iiddt 
ways in No. 3. Q^R being the fore edgdi 
where the two mouldbo^rds meet, and 
ST is the Und^rmbfl: edgp. The.tv?p 
mouldbbards .&re feen from above in 
No, 3i which fliowS tfae art^e whi<;b 
their upper edges make with each otheirk 
The fore edge of the moiddbo^d 19 alio 
icen in No, i. being repreftntedby thiJ 
dotted line GHZ Thefe mouldboards 
are mitred together before.. The infide 
of the mitre is reprefented by K L in 
No. !• They turn round an iron bolt 
DC No^ !• which gqes through the 
beam and head. The bolt has a hdad 
^t C^ which is funk into the head of the 

plough 
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plough, and it is fcrewed at D, where 
there is a nut. This bolt pafies through 
the folid wood of the mouldboard, 
through the mitre: therefore, before 
the mouldboards are faftened together^ 
a half round grove is made in each, and 
when they are joined, thefe groves 
make a round hole, as if made by an 
«iUgre. The angle which the under- 
fide of the mouldboard makes with the 
upper fide, is about 1 8 degrees, both 
being ftraight, fee No, 6. where A C is 
the lower edge of the right hand moulds- 
board, and A B its upper fide. The 
mouldboards may be formed to the re* 
gular twift, by means of the bevel, fig« 
ly. The angle between them at the 
fole (hould be the fame with that made 
by the land fide and mouldboard fole 

Qf 
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of a common plough^ wbieh is about 
15 degrees«r Then the mouldboards 
will make an angle of about 15 degrees 
below, and 52 degrees above^ In order 
to keep them at their proper angle, and 
to ftrengthen them againft the prefRire 
of the earth, which tends to force them 
ti>gether, they are fccured below by a 
forked ftrap of iron of the proper angle, 
which has a hole through it for the 
mouldboard bolt D C No. i ^ to pafs 
through. This ftrap is nailed to the 
lower edge or ible of the mouldboardar. 
They may alfo be fecured by a rung 
between them^ fo placed as to pafs free 
between the (heath and ftilt. They are 
fecured above by what I call the iron 
beam, reprefented feparately in No. 5. 
and fcen iidcways at E Q^T, No. 2. 

This 
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TMs bedni,! No. 5. is formed to the 
]proper angle E A F of 51 degrees^ and 
has a bole at O, through which the up- 
per part of the. mould board bolt pafles. 
The jMlrt A N; projefts forward ^ right 
witli tlie middle of the angle E A F, 
formed by its fides, and has a fquare 
Inortlfe at H, for receiving the upper 
part of th^ coulter, as is more diftinftly 
fcen in No* 2. The fore part N of this 
snm. beam: iff formed iiito a point, for 
being rebeived into die catch F E of 
No. 2. This iron beam between the 

coulter hole and the point of tije mould- 
boards is two inches thicki and the end 
of the coulter 'which goes into the hole 
H is two inches by ,|. 
. There is alfb fixed on the upper edge 
of the mouldboards behind, an arch of 

- iron 
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iron, reprefented by L M, No. 3# iil 
the middle qf whicK, at K, there is a 
focket, for receiving the handle KTN. 

A B C of No. 3. and E F of No. 2. 
reprefcrit tHe catch which keeps the 
riiduidbdards in their proper pofition. 
This catch goesi over the beam like an 
arch, aind h^^ a bolt I) £ through it^ 
drid through the beam, round which it 
turns Upward and downward* The 
holes at A and C are for receiving the 
poitit of the iron bedm, reprefented by 
E in No. i. and by N in No. 5. The 
catch is made very (Irong between thefe 
two holes and the bolt holes D and E 
No. I. namely, about | fquare« The 
catch is made to keep its hold of the 
iron beam by means of a long fpring, 
reprefented by G D in No. 2. and by 

Aa FB 
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F Rin No. 3, Its fore part is nailed 

to the beam ; and as the fpring afts up-- 

wards, it preflcs the arch of the eatch 

upwards, and this keeps the' hole A or 

C on the point of the iron beam. This 

catch is loofenfed from its hold by nieans 

of a ftring or rope, which is faftened to 

the top of the arch 1^, No. 2. and comes 

backward, through a ftaple M on the 

beam, to the part L of the jointed 

handle/ By raifing the end of the 

handle, the rope is drawn tight, and it 

pulls down the top of the arch of the 

catch, by which the other end E of the 

catch is drawn off from the point of the 

iron beam. The mouldboard being 

now (hifted to either fide, by pufliing 

the handle to the oppofite fide, the rope 

fe then allowed to flacken, and the o- 

ther 
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ther hole of the catch iiximediately falls 
on the point of the iron beam^ an4 
-keeps it faft. 

In order 'that thefe mouldboards may 
be able.to (hift to the proper angle, it k 
neceflary that the lower ^part 'of the 
ftilt, and the -bed-piece at -B, No i . be 
reduced to the thicknefs of the (lieath* 
In order to make ^his more effedlual^ 
<ind alfoto give that monldboard^^hich 
is at the firm groiind, fbme fupporx; 
from tl^ head of the plough, > the upper 
•fide of die head is floped off for an inch 
^own, as is reprefented by the line A fi. 
No. I. The lower edge of the mould- 
•board is equally^floped off on.the infide^ 
'ib that when the plough is fet, the land 
ilde mouldboard claps clofe with it3 
jchamfered edge to the chamfer of the 







1 88 Of turning the furrow to either ft de. 
upper fide qf the head, and is then fup* 
ported by it, and all dirt or fmall ftone? 
is by this means prevented from get- 
ting between them, and the mouldr 
bQard and h^ad make one uniform fur- 
face> without any prpje<Jlioii on tha|: 
fide for about fiit inches iip. 

The edge qf tfie cpiilter pnift be fet 
jright in i]» iQtddle pf it9 thipknefs, but 
the back of the coulter muft have a 
thicknefs eqjLial to ^ of it? breadth. By 
this means^ when the mouldboard is 
(hifted to one fide, that face of the coul- 
ter which is i^ejct the firm ground, wiU 
be flqflx with that fide of the head, op 
will lie in the direftioii in which the 
plough is going, agreeable to the prin? 
ciples formerly laid down. 

The 



i ' 
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The lower part R, Ifq. i. of the fore 
ledge of the tnouldbpard muA.^Iwayi 
be kept clofjb to Uw upper fide, of th* 
fock. If it projects to. either fide, and 
a ftohc gets into the angle, the plougl^ 
xvill be broken, or its motion will bd 
prodigioufly retarded: therefore, the 
upper fide of the fock muft he made of 
a breadth pi^opoti^tipned to the iMft of 
the moul4bpard, at the pl^ce \yherc thfc 
Jower point pf the ^ouldboard ffayerfesf 
over iu This is reptefented in No; 4* 
where D i$ thie centre of the motion of 
the mouldboards, and A is the for^ 
point of thein when the plough ii tiirn- 
ing the furrow tq tl>e kft hand, and F 
is the place of k when the plpiigh turns 
the furrow to the rieht hand. The 
^readch of the fock A F will therefore 

depend 
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depend on the width pf the flnft of the 
plough, and on the diftance from the 
bolt D. In the dimenfions reprefented 
in the figures, A F muft be four inches, 
becaufe the point of the mouldboard 
fiiifes /two inches on each fide of the 
middle line of the plough. 

If the bolt, xound wJiich the jnould* 
'lioards eurn^ were placed perpendicu- 
lar, as at IX), No. !• the upper furface 
of the ibok, No. 4. (hould be quite flat% 
But when the befit D C, No. i« leans 
back above, the upper furface of the 
fock between A and F, and behind it 
a little, muft be rounded a Iktle ar 
Ibove. Thus the point of the mould-- 
boards will keep clofe to the back of the 
fock as the plough fliifcs. 

While 
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While the point A, No. 4* (hifts over 
to F 4 inches^ the point Gr of the coul- 
ter fliifts over to H 6 inches, £0 that in 
both pofitionsof the plough^ it is an inch 
without the point of the niouldboardy 
and better than^ half an inch without 
the land fide of the head, which is a 
very proper pofltion; If the fore edge 
of the coulter is parallel tothc bolt D Cy 
the upper end of the coulter ^ill (hift as^ 
much as the lower* If the edge of the 
coulter and bolt are narrower abore^ 
than below, which is the cafe in the^ 
figures, the upper end of the coulter 
will ftiift lefs. This (hift of the upper 
end of the coulter is reprefented in No> 
5. where the line M G N is the middle 
line of the plough, I is the upper end 
of the coulter, when the plough turns 

the 
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the fUrroiir to the lefc hand^ and K is 

* . 

its place when tlw ploiigh i^ turning 
the imrovr to the ri^ht; This (hlfc iii 
the figures i$ 2f inches dti each (ide of 
the niiddle Une^ or 5 inches in all. At 
the fame time, the upper point A of the 
fore edge of the mouldboard (hifcs 3 
Inched from A to L. Thi^ ftiifdrig of 
the ujJper and under parts both of the 
coulter alnd of the niouldboard edge de-* 
^ndiSi a3 hB% been already faid^ on the 
pontion of the bolt D C^ and on the dif- 
tance of theie parts of the coulter and' 
inouldboard from the correfponding 
parts of the bolt; Attetition ttiuft be 
paid to thefe circumftances, in order 
that they may have always a proper po- 
rtion. The (liifting of the fore point 
of the iron beam muft regulate the diP- 

tance 
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tance between the two holes of the catch« 

It is neCefTary in thid plough^ that tho 
horfes go all in the furrow. For, ia 
ploughing along the fide of a deep hill, 
a horfe cannot Hnd fobting on the un-* 
ploughed land, but will be always fli* 
ding into the furrow; 

This circumftance requires a bridle 
of a particular conftrudlion, to allow 
the draught to be (hifted at every turn* 
ing of the plough. See No. 3* 

Q^P is the bridle, 10 inches within 
from Q^to P. It is ftraight before, and 
without any notches. The horfe tree 
has a ring, which fUdes from fide to fide 
on the bridle. At Q^ and P are two 
rollers or fheaves. A rope has its mid- 
dle fixed to the fliding ring, and the 
two ends are made tp.pafs Uirough the 

B b roller 
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poMcr Q^and P^ and the two (laples oiv 
tiie upper fide of the beaiiii juft before 
tlie (Jatch-bolt UE^ and tlirouglv ano- 
ther ftaplc- ins- the ftllt G, juft by the 
i^am'inorti&.i They thcn^ are made ta«^ 
pals thfougfctwo^ other rollers? on the- 
upper fide of thb ftik handles at R and- 
S, and then their ends? are brought to- 
gether, drawn tight, ^ and tied- together. 
- From this defcription^ of the plough,, 
it is eafyto fee, without repeating what 
had been already faid, how all the part9? 
ferefhifted. 

Figures / 8- and ^ reprefent the parts? 
of another (Lifting plough^ which has^ 
been a good dealeroplbyed; P M, fig* 
y. is a lide view of the beam, A C D i* 
the bridle, having holes in its fore part> 
forgiving more or lefs hold* The bri- 
dle 
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^e tvirns in 9 bolt id Co Vt^hh;!! palles 

4own through the bej^m* . The taU C I^ 

jcomes a good way b»c^ fi<i4 •&»£>» 09 

$ts vippeif'^de at P^ a {Ufi^th ^a Jbfroa4 

Jiead, which .talcft^ Mid lof itheieiid H<jf 

jtbe iroft %MS9,^ ,(f I (^ ; ^!fiiih«$kit»«n^ 

^olt IjC ^ ia fttie ;r{M9?'^paaiiiv wltJi the 

JLTon hcs^nn ^f lihe i^tther. Oufdag |iloi;ig1u 

A jc^itoh bolt <j Kgoes dawsfi j^nough 

jfthebcaoi at' &, aindi Ssmei |to iix the 

iron l»eam to the -wioeijieii tteam, wheti 

iCbe plough Is flu&ed. t This bolt Is jtLept 

(down by a fpiiiig F G. It is drawm 

«ip by 1& R N, wfaiehit^iis roukd a ^oiift 

lat R« and has ii vope reaching ^from 1^ 

«o tl» -pioagkman^s ha&d* ' Whek he 

{lulls the rope N O, the ))b>Dt G 6i the 

•catch rifbs, und ralles kbe (p^ing di)^ 

iiolt <i:H, ' and doofefts the iroi} iMfam 

^0^ the wooden beam* 

rig. 
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Fig. 8* is a- view oF the upper fide 
of the fatee- parts;- C E D ii( the bridle, 
turning ©a «hc bolt at EL. M F G is 
the iroft be4trfj • burning on the bolt at 
G. In the lone part of this iron beam 
-at D, tbertf fe 'a hole for receiving the 
forbad headiid pin, which is in the tail 
oFdie bddfe:a(t D. This hole is niade 
iC^king, to allow the pin to (hift along 
it as the :plougH. is fliifted« The part 
jL M is formed into the arch of a circle^ 

/>f sS^hich the centre is G, and it has a 

« 

jjiole at each extremity L and M for re- 
jceiving the catch bolt. It has alio a 
hole in the middle between L arid M 

r 

:for the fame, purpofe. In order to keep 
the arch L M clofe to the beam, fb that 
the bolt G H, No. 7. may fall truly in- 
to the holes in the arch which are made 

• to 
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to receivfc it, theVe 16 a fupport for the 
iron beam, reprefented in iig. 9". B D C 
is this piece. The part B D goes thro* 
the beam,, and is fcrcwed or: ri vetted. at 
bove at B« A tail flicks oat at H, which 
is Halted Co the under fide of the'beam* 
It pafles thro' between the archL M of 
^.•8*, dhd tlie arms.' The part DC pro- 
je^s fbi^ard betbw the a]K:h; and it hat 
"a hole atC,exadIy below. the hole thro^ 
the beam, through which :the catch bolt 
<:omes. When, therefbrei the catch bolt 
has been drawn up, and the arch L M 
comes into fucli a pofition^ .'that :any of 
its I^oles comes exacfVly between the hole 
in the beam and the bole'in: the j, piece 
B D G, the catch bolt being let dowii^ 
it goes through all the three holes, ind 
keeps all fafl together. When the plough 

^^hrows 
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<lu*aws the furrow to the J[ej[c^ Jthe catcli 
jbolt is in .the.fadle at N^ and whe9 it 
throws the furrow to the rlght^ it is iu 
the hsAc '^t L^ The flougli v^zy alfo 
l)e:(un{^ayedca tfakxiw the furrow bodi 
wafs^ by* iputtihg the catch bok iijitot^ 
'middlelhiile x>f the arch L IVL 
• ; The lyr^i^'^ia^Pii (iaunot (hift aoy more 
tfajtn::theiopen:.^%^e wUch is withia 
tlie acdh L M^ bcQaUfe^ when It is put; 
ibdOpntehlOiOR^ )Q#5 it is ilppped front 
4gmhg ikither by tbe pin B0 cff JNfo. t^ 
Ibriking sgainfl: one of the artns* 

The hind partbfthis iron -beam has 
got two taiis^ >4 the fame manner 9s in 
t;he other (hifdngplough^ by whi<:^ It is 
iixed to the itn6uldboards> and ,all :the 
ipther parts are made in the fanje man- 

f • • • • 

tier* 
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!• Of Wheels in generals 



To attempt to prove that a carriage 
is more e^fily drawn upoti wheels thait 
irpott fledges, would be an* affrdwt to 
the underftanding of the reader. 

But whether high or low whiecis are 
ikteH: for the puvpofe has been a fiib- 
jedt of dUpute,' even among pefibns of 
ikill. Reafon and experience, hoWevet^ 
feem pcrfedlly ta agree in this^ that 
wheels, whoTe centres are on a tevet 
with the moving pdwer,> wiH be e^efl 
drawn along ar levet ptane^ and that the 
higher a wheel is, it will more eafily 
get over any obftacle, if the moving 
power is not beb^w its^ centre^ It feems 

to 
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to follow therefore, that carriages 
drawn by horfes or oxen (hould have 
whedls whofe centres, have the height 
of the draught line, that is, of the 
flioulders of the horfes^ or the yokes of 
the oxen» This is true, however, only 
in the cafe of a horizontal road. In 
going up a hill^ thd diftance of the line 
of draught from the road is fomewhat 
lefs, becaufe, whetl a man, or any other 

mnimal, is (landings upon the fide of a 
Hope, his height is inclined to the flope, 
although it is perpendicular to the hori* 
zon. As this is the fituation in, which 
it is of the greateft importance to dimi« 
nlQi the labour of the cattle, it follows, 
that the height of a wheePs centre 
(hould be fomewhat lefs than tlie height 
of the line of draught. But what the 

difference 
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difference (hould be depends iiport a 
great ttumbei^ of circumflances^ which 
thofe who make ufe of wheel carriages 
(hoiild be beil acquainted with» Four 
feet eight inches is feckoiied a very 
good height for a cart wheels and has 
been thought preferable to any other. 
3ut the great loads which are drawn 
in the coal carts at Glafgow, which go 
upon wheels above fix feet high^ and 
other Inflances of a like kind; (how that 
great advantages are to be gained by 
udng the high wheels, and t;hat the dii^ 
advantage arifing from the greater 
weight of the wheels may be difregard* 
ed. The great inconvenience which 
attends the high wheels is the greater 
prcflure upon the cattle on going 
down hiil^ becaufe the fupport which 

Co the 
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the cattl? can give in this cafe, is very 
fow placed. But, even in this cafe, the 
in (lances above mentioned, (how that 
the height qf wheels may be increafed 
beyond) the ordii^ary pra<^ice.^ 



ir. OftheDifi or Cavity of TThecIs. 

Spppofe that a* perfon totally unac- 
fluainted with, tbq praftic^, were em- 
ployed* to m^ke a cart.^ He would na* 
tur^^y make the axl^ ftraight^ and the 
anils of it \vithaut taper. He would fef 
the fpokes of the wheels at right angles 
to the axlfe, by which means they would 

?ilfo be perpendicular ta a level road#^ 

* 

and thereby give the moft perfe(3: fup- 

port to the carriage and its load. Such 

wheels would be flac, and their fole 9S 

hcdd would be parallel to the axle. 

But 
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But experience has fliown^ that fuch 
wheels are liable to great inconvenieji*' 
<:ies. When going in wet and dirty 
jToadsi, all the mud taken up by the 
wheel coraes down again ufK)n the 
jaave, and get$ betWHsen it and the axle^ 
and foon wears it prodigioufly. Such 
a form of wheds alfo requires a great 
diftance between them, and 'confequent'^ 
ly a great breadth of roady in order to 
give room for the cart body and load* 
ing. it is alfb founds that fuch wheels 
bear hard upon the inaer ^end of the 
axle arm below^ and alfo, that the 
fpokes are forced back in the mortices, 
and the wheels in time get a dlfli ox 
hollow ovi the fide next the cart. 

The reafoh of thefe two laft inconve- 
Rieocips^ is this : It is very feldom^ th*t 

tlje 
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the two wheels are exaftly on the fame 
level. When one of them is lower than 
the other, either by getting into a rut, 
or being on the lower fide of the road, 
the greateft part of the load is upon that 
wheel. In this fituation, the head of 
the wheel is not perpendicularly below 
the point of the nave, which is fupport- 
ed by the fpoke. The fpoke itfelf leans 
over, and if not of fufficient ftrength, 
would break inwards. It therefore bear9 
hard upon the inner fide of the mor- 
tice, and caufes the nave to bear hard 
upon the inner end of the axle arm. 

Experience has (hown, that thefe in- 
conveniencies may be greatly removed, 
by fetting the fpokcs into the nave, £o 
as to point outward a little. By this 
means the wheel gets what is called a 

difli. 
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difli, and the fpokes no longer form a 
flat furface. Let us now fupppft, that 
two fuch wheels are pqt upon an a^^l^, 
whjofe arms have no taper/ The wheels 
would be as wide above as below^ and 
the fpokes would never be perpendicu^ 
lar to the ground * Suppofe now^ that 
the two axle arms are bent downwards. 
This would niake the wheels clolcr be- 
low^ and wider above, and the bend of 
the axle inay be fuch, as that the fpoke 
which refts upon the ground will be per^ 
pendicular. This form qf the wheels 
will removie fome of thp above piention- 
ed inconveniencies. 

The wheels being \j4de above, the 
mud which is carried up by thepi will 
not fall fo much upQn the nave, and 
there \^ill be greater roqfn for the body 

^f 
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of the carriage and its loading. But one 
i^if the great inconveniencies ftiil remains^ 
Whea one of the wheels is in a rut, 
{hefpoke which is then fupporting the 
^Carriage is leaoing outwards, and bears 

hard upon the inner end of its mortice^ 

&nd caufes the pave to bear hard upoa 
^he inner end of the axle arm. It is, 
therefore, found more expedient not to 
bend the axle fo much as to bring the 
two Ipokes^ whofe ends are on the road^ 
to be perpendicular to the horizon, or 
parallel to each other. They are made 
to be a little wider below than at the 
centre; by which means, when one 
wheel is in a rut, the fpoke which is 
then fupporting the carriage, may ht 
perpendicular. It is even found necef- 
fary, that when the wheel is in this fitu^ 

Ition, 
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cion^ the fpoke (hould be 9 little with-* 
out the perpendicular below; ibr.the 
chief jolts which the wheel receives arc 
from the outfide, and wheft the fpokp 
Is fet a little againft the jolts, it is better 
able to refift them. Experience fihows^ 

thaty notwithftanding all the diflb which 

» 

has been given to wheels^ th^ey ftiU go 
from the face, or loofe their ea<yity when 
they fail. It cftight, therefore, be dp-* 
ppfed^ that it would be an advantage to 
give the wheels a fliU greater difb* JBu( 
this is limited by other coniiderations. 
The fpokes muft be very bard dnveii 
into the nave> in order to have fuffici^ 
ent ftrength^ They muft npt be very 
much tapered at the foot, otherways 
they would be apt to work loofe* This 
being the cafe, the fpokes cannot be fet 

very 



•ticfS ()ftk Difh of Cavity of Wheels. 
very obliquely into the nave« beoaufe 

« 

the wood of the nave would then ftart 
up at the heel of the fpoke^ whea it Is 
properly driven . 

\ A difh or cavity of 3 J inches may be 
given with fafety to wheeh of 4 feet 
S inches diameter, and in general | inch 
of difli may be allowed for every foot of 
diameter^ 

The fpokes fliould be fet fo far from 
the outer end of the nave, that a per- 
pendicular from the fole to the under 
iide of the axle, may fall between an 
inch and two inches without the middle 
poirlt between the bufhes. By this the 
prefTure on the outer bufti will be fome- 
what greater than on the inner, when 
the wheels are on a level. This fliould 
be fo. For the inner part of the^ axle 

arm 
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arm beiiig much bigger than the outers 
it has morcf friclidn, arid therefore (hould 
have lefs prefTure. Alfb, everj*^ finking 
of the wheel below the level of the ch 
theTf caiifes it to prefs harder on thd 
inner bti(h« This pofition oi the fpoked 
remedies both thefe inconveniencics. 

There are ftill fome perfons of expe- 
rience, who have propofed that the 
wheel (hould be made without any difh, 
and they pfopdfe to remedy the incon- 
venience which arifes frbni ian unequat 
prefTure upon the outer and inner ends 
of the axle arm ^ by placing the ^dkts, 
not in the middle of the nave, but to- 
wards the butei* extremfty. This will 
only remove the ineonveniency to a 
certain degree, and.it- ftill leaves the o- 
ther dcfci^s vj^bich have been already 

:) D d mentionedl 
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mentioned without any remedy* The 
experiment has been tiied^ and it has 
been found, that the axle arm is ftill 
ii)uch.v^rn aC':tHe inner erid^ and that 
the wheels are much weaker^ and foon^ 
«r fail, getting adi& inwards. In (hort, 
the diihing of wheeb, which was not a 
natural thought, has either been found 
by. accident, or has been invented by 
fbme perfon of greit ingenuity, and^ 
the courfe of i^niform experieuce has 
^lly confirmed its advantage^. 



IIL Of the tiength oftheJStaves. 

. Too Chort an axle arm ha$ too little 

^ . . . ....,- - 

power to guide the wheel in a deady di^ 
redion, unlefs very tightly fitted, muy 
the buflies, and too long a nave is in^^ 

convenient^ 
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convenient, both on account of its bulk^ 
and of the dirt which it it apt to carr5% 
ft 2 inches or ttiereaboQts feeras a -^ery 
rconverfient length for, a nave, explnfive 
ipf the depth of the pan in the endi5« 



ly. Vf the T^r (f the Bujhes. 

It is found neceilKry to line the in- 
iide of -rfie nave hole with iron. This 
ris done hf drivingrtwo iron rings, call- 
.^ bu(bes,'into the oppo&e ends of the 
-hole. l%e a^e arm is made to fit ex* 
j^ftly the infide of the buflies. The 
nfiridene& of a buCh therefore always de- 
termines the fize of the axle upon Which 
it turns, and theflnallerthe btifhis, 
*the lefs will be the Friaion. Th^wide- 
pefs muft be fuch a& fiiits the axk reqiur 
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red for the carriage, Jhp ftrs^in upon 
the axle arm is chi^y at the infide bud), 
and wooden axles gene)r§lly require an 
inner JDiufli of 5 J orj J incites for ofdir 

nary carriages. . ' 

When fpeaking of the diflb of wheeU 
in the fecond fedion, we fuppofed the 
axle arm to be without any taper. In 
order, tliprefore, . fhat the iiippdrting 
ipp^es n)^y ftand perpendicular tp the 
ground, or nearly £ib, it is neceflary tc? 
bend the axle ^nn$ downwards. But; 
this wpuld be apten(ied wijh a very greap 
inconvenience, ^hein tjie carriage i? 
going upon a level roi^d, the wheel 
would be continually Aiding iif upon 
the ^xle, and would ^reis hard upon 
the (boulder. As this is the place where 
dirt is moft apt to get in^ the fridlion 

would 
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wppld |pie pppdigioufly irtcreiafcd, and 
the l^uCUes 3fid axle woul^ bp vpry inuch 
heated' and \Vs^<>rnf This inconvenience 
would be ftiji: : mor^ fenilbly ; fel( upon 
that wheel whn^H gftts: into, a rut» find 
bears the, grejafeft .pwrt of th^ load. 

This iacdnvenience is remedied by 
the very .fimple contrivance of tapering 
the axle arm* The intention » thereforef 
of this contrivaince being to hinder the 
tiifl)ed wheels from prefling in upon 
the flioulder of the axle^ the manner of 
executing it ib'uft be taken from thefe 
principles. J» thefrji place then, the 
under furface of the axle arm, which 
refts on the buflies, miifl: be level. If 
it be* higher at the inner end, they will 
Aide in andprefs on the flioulders. If 
at be higher at the outer end, they will 



Aide QXit^ and preAt on the linch pinsi« 
fa the fecond place^ the fpoike which 
touches the ground;^ or which is fup* 
porting the carriaget mUft either be 
perpchdicularrorinuftieaa a Itttk in<* 
ward above^ atui oitt ward below « Thefe 

y 

4r\fo:ponditiQns will deterraiiie the <juanr 
city of caper wkich mufti^e given t^ 

^I)C axle ; and binflptes. 
, Iq the jSrj} pUce> let us ioippore, diat 
clu^ fupportuig i^ke muft ftand pei> 
fiendicular. I9 %« i. let jL KB A rcr 
prefcnt the taper hole through the nave^ 
The lower iide A B muft be leveL Let E 
be the point of jhe fole which touches 
the ground. Draw ^ E D perpendicidar 
to A B. Let Q^O be the .centre line of 
the hole. This will be the line round 
%vhich the wheel really turns* E D 

wUl 



0/ the taper of the Bujheu lcT3r 
will cut this line inC. Let G be the 
uppermoft point of the whceJ, exaftljl' 
oppofite to E. Draw G C« For the 
fame reafoiit that E D is perpendicular 
to A B, G F will be perpendicular i^ 
L K> the upper fide of the nave hole* 
Draw GE, cutting the line of the cen- 
tre in H. Then C H i£^ the true difii 
of the wheel. Let the lines LK dt^ 
A B meet im L Then, becauie the two 
tri^gles ECH and I C D have a eom- 
tnon angle at C, and c^jnal angfes at 
H and £)» the angfes at £ and I are e^ 
quaL Therefore the half taper 9f the 
axle and buflies is-j^d the £zme per foot 
as the real di(h of (he wheels^ and y/6 
may ufe the following proportion* As 
the half diameter of the wheel is to its 
real diCb, G> is the length of the nave to 
/ ;: half 
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half'ihe tapet of the bufhes, or to half 
the difFerbncfc of the width of the inner 
and outer buffiesi 

On the other hiarid, the real difti of 
the wheels may be gathered frdm the 
taper of the axle and bufhes; For if 
we draw B R parallel to the cehtre line 
O Q, then (^R wUl be e^iial to OB, 
the half width of the outct bufh, and 
R A will be half the difference of the 
width of the inner and outer bufhes, 
0r will be half the tappr of the bufhes 
correfponding to the length of the nave» 
which muft be counted on the centre 
line Q.O« Now B R is equal to O Q^ 
Alfo, B R is to R A as E H is to H G. 
That is, the length of the nave is to thc^ 
half taper of the. bufhes, as the half dia- 
meter of the wheel is to the real difh. . 

Then 
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Thus, from the difli of a wheel al- 
ready made, we can ch.ufc a pair of 
buflies which (hall anfwer it, and taper 
the axle accordingly ; and from the 
bu(hes already caft^ we can give the 
wheel the proper difti^ A pair of bufhes, 
of which the inner is 5} inches diame- 
ter, and the outer 3:J, are found to an- 
fwer very well, and require a real diflx 
of 2| inches for a wheel of four feet 
eight inches diameter* 

In the next place, let it be fuppofed, 
that the (landing fpokes (liould fpread 
out a little below, which is thought moft 
proper. This may be done either by 
increadng the di(h of the wheel, or di- 
tninifliing the taper of the bu(hes. Thus, 
if the taper of the buChes be what wc 
have now recommended, that is two 

E e inches. 
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■ 

ftiches, and alfo the difli of the wheels 
be 3 2- inches, the fpokes will fpread 
i J inch on each fide below. 

The fpokes may fpread ftill more, by 
fetting them more obliquely. 

It is mofl: convenient to have both- 
buflies made to one tap^r. This wilt 
make the axle ami of one taper both at 
the inner and outier end. This however 
isnot abfolutelyneceflary, provided that 
the taper of each part of the axle arnr 
is made to fuit the bufli which is to turn- 
on it.- 



V* Of fining in the'EufheS.- 

This muft be very cxaftly done, other^ 
wife the wheels can never run well. 

Th« 
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The firft circumflance to be attended 
'to, is thefetting them fair^ that is, fo that 
1 he centre line of the two bufihes may 
make one ftraight line, which £houM 
•be the centre line of ;the whofle eye of 
^he wheel, or nave hdle. 

In %• 2. let A B be the centre line 
!of the eye of a wheels It is pSain, that 
Sf the inner bnfh c d e f be fet more down 
'at C than at e, it will be nearer the 
rentre line at d than at f, and will grat6 
^ipon the axle arm at d, which wili 
both obdrudt the motion, and exhauft 
the greafe ; and if the outer bufih be 
more fet down at k than at h^ it will be 
iiearer th^ centre jiine at i than at g^ 
which will have the fame effeft* 
Their centre lines will not, in this cafe, 
fall in with A B, but will ftand at A a 

and 
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and Bb. Great care muft therefore 
be taken to avoid this^ and make them 
(land fair* If both the buflies have one 
taper, their inlide (hould run flraight 
with the lines c h and e k. 

Tlie fecond thing to be taken care 
of is, that the centre line of the buflies 
may be perpendicular to the face of the 
wheel, without which the wheel cannot 
turn true on the axle arm. This may- 
be difcovcred by turning the wheel 
round an axle arm which fits it, and 
holding a fteady mark to fome place to 
the face of the ring or felloes. This 
will touch the face all round as it turns, 
if the centre line is perpendicular to 
the face. If it does not, there is an er- 
ror, which, if not helped^ will caufe ^ 
falfe motion of the wheel, and make 

(irpoked 
\ 
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crooked ruts in the road, equal to the 
diftance of the different parts of the 
face from the fteady mark above men^ 
tioned* 



VI. Of the Sole of a Wheel. 

This fhould be fb made as to prefs 
fair on the road^ efpecially if the fble 
or tread of the wheel is broad. When 
the axle is ftraight or level on its under 
iide^ the fble (hould make the fame angle 
with the face which the taper of the 
bujObies ojakes with their centre line, ex- 
cept what is to be allowed for the dc* 
clivity of the road# Therefore ufe this 
propprtion. As the length of the nave 
ijs to half, the taper of the buCbes, fo is 
the brea4th of phe fole tq the quantity 

which 
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which it (hould be above the fquare. 
Thus, if the length of the nave be 12 
inches, the t?per of the bii;(hes two 
inches, and the breadth of the fole three 
inches, 12: ?=3 : {:, and the inijer 
edge of the fole (hould be \ of an inch 
above the fquajre with the facp of the 
jwrheeL 

VII. Of fitting in the Axles ^ 

t 

In order to do this properly, we muft 
know, 17?, what is called by the work- 
man the difti of the wheels, which is 
very different from what I have called the 
real diChi and the methods for finding 
it. 2i/y, The way of finding the length 
of axle beds, which will anfwer to 
any given widencfs on the road, the 

axle being ftraight below, in order 

tp 
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to find what length will anfwer for any 
given hollow, and what hollow will an- 
fwer to aity given length of an axle 
bed. When every thing needful has 
been calculated, the wood for the axle 
muft be prepared, and fet out (as the 
workmen call it} with great exaftnefs, 
that is, the lines muft be truly drawn^ 
which direft us for working the axle, 
fo as to make the arms fit the bufties, 
and the wheels run right on the road^^ 
and the work muft be truly executed 
according to thefe liries. When near- 
ly done, it will be proper for the work- 
man to try whether the wheels gather 
inwards equally on both fides, both 
below and before* This he may do, 
by applying a line or ruler diagonal 
wife, acrofs from the under part of th* 

right 
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right wheel to the upper part of the left 
wheels and then from the under part 
of the left wheel to the upper part of 
the right wheel. If the wheels are pro- 

# 

perly fet, tiiefe two trials (hould give 
the fame diftance on the line or ruler. 

Thus, fuppofing a c, fig. 3. and b d 
two wheels gathering below, between 
c and d. If b c is found (horter than 
a d, then either b is too far in, or a is 
too far out. Then the diftance a b and 
c d (hould be meafured, to know if the 
gather is as much as is required. 

N. jB. This gather will always be 
equal to twice the real difti of the 
wheels. If it is too little, a niuft be 
brought a little in. If It is too much, 
throw out b. If juft right, a muft be 
brought in, and b thrown out equally. 

0/ 
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Vlli. Of finding the Dijh of the Wheel. 

^A71lat the workmen find moft conve- 
nient to confider as the difli of a wheel 
is confiderably different from what I 
have called the real difh. 

figure 4. reprefents a wheel feen 
tidgci-ways, and (landing on the level 
ground^ with its fole o a. The line h i, 
which is the lower fide of the axle aim, 
r is fhppofed to be level, or parallel to a. 
The line m h f is parallel to the face 
of the wheel b a, and i k is parallel to 
the centpe line A B^ H e is perpendi- 
cular to the ground. Now, e o, the 
diftance of this perpendicular from the 
inner fide of the fole o, is called the 
difh of the wheel by the workmen. Jt 

Ff is 
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IS plain, that the diftancc of the point c^ 
from the like point correfponding to 
the other wheel, is the diftance between 
the (boulders of the axle, or the length 
of the axle bed. 

This being attended tOj the two fol- 
lowing methods may be taken for find- 
ing the difli of a wheel; 



!• By a fquare and rule. 

Let abed (fig.' 3. No. 2.) reprefent 
the ring of a wheel, g h i a fquare. 
The (lock h i is applied through the eye 
of the wheel to the bufhes. The blade 
is applied to the inner end of the nave, 
and reaches as far up as the ring of the 
wheel. Then a rule, d e f, being held 
fquare over it, will fliow the diftance 

between 
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^between the infide of the fquare and 
the fole of the wheel, which is the di(h 
jfoiight, allowance being .made for the 
xlKtance of the fquare from the hxxfUa^^ 
(Occafioned by the depth of the inner 
jp^^ if there be any. 



^. By calcillation^ 

3Let SI ftraight rujer c d (fig. 4*) be 
applied to the face of a wheel, as near 
the nave as poffible. Let a ftraight rod, 
1 m n^ be put thro^ between the fpokes, 
iquareon c.d. This will (how the dif- 
:tance m n between the face ojf the wheel 
and the inner end of the nave. Then 
Tay, as this diftance is to half the taper 
of the bufhes, fo is the height of the 
Jower fide of the axle arm (fuppofed 

levelj 
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level) to a fourth quantity. This muft 
be added to the breadth of the fole, and 
the fum muft be taken from m n. The 
remamder is the difli required; for 
it is plain^ that fa is very nearly equal 
to i k^ which is equal to m n ; and that 
ik : k h : : h e : e f ; and alio, that e o i$ 
the difference bet weiefi fa and the funn 
of f e and o a» 

TThus, if the diftance pf the lower fide 
of the axle from the ground be two 
feet^ or 24 inches, and the taper of the 
bufhes two inches, ^nd the diftance of 
the inncf end of the nave, frpm the face 
of the wheel, be 12 inches, and the 
breadth of the tre^d be 2\ inches, we 
have 12 : r : : 24 : 2, which is f e. 
Then f e and o a make 4^ inches • Thisf 
taken from 1 2 inches, leaves yf for the 

difh 
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difti of the wheel, or one foot three Irir 
ches for two wheels ^ 

This calculation may be done by the 
Aiding rule, which is much ufed by 
cart Wrights. Set 1 2 to 24, and then 
I will ftand oppolite to 2 for f e, and 
proceed as before. 

IX# 7b find the Length of the Axle Bed^ 

This is the diftance between the in? 
per ends of the two naves. 

I . \Vhen the axle arjns are ftraight 
below, from thp propofed widenefs bc^ 
tween the wheels within on the road, 
jtake fhe difl^L of both wheels, the remai|i- 
fler is the length of the axle bed. 



flxamfkf 
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Examplcm 

Widenefs on the road within, c f, 

(fig. 5.) - . 46 

Difli of both wheels, c d + e f i 3 



Length of axle bed ^ 3 3 



The truth of this rule is plain, by 
infpe^^ing fig. 5. where A B is the axle, 
c f the widenefs within on the road, c d 
and e f the difli of the wheel, and a b 
the length of the axle bed. 



n. When the axle is hollow bdow. 

This is often the cafe, becaufe the 
bed of an axle is fometiraes confined 

to 
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to a certain length, efpecially fuch as 
have iron arms, whether they are fixed 
to waggons or carts • In fuch cafes, 
they muft be made hollow below, or the 
arm muft be laid into the bed, with a 
bend downwards, in order to bring the 
wheels ta a right gather, or make thenr 
run at a right diftance on the road. 
This is alfo fometimes neceflary, in or^ 
der to make the tread of the wheel preft 
fair on the road. Thefe circnmftances 
gire rife ta two queftions or prol^ems* 

!• Having given a certain length oT 
axle bed, and a certain widenefs on the 
road, to find the degree of hollow, that 
is to fay, how far the under 15de of the 
axle arm (hould be below the flraight, 
at the out end of the nave* 

Rule. 
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Ride. 

find the length of the bed, which 
♦eill give the wheels the required wide- 
nefs of the road, when the arms are 
ftraight below. Take half the diffe- 
rence between the given length of bed, 
and the length then found. Then fay^ 
as the height of the under fide of the 
ftraight axle from the ground is to this 
half difference, £o is the length of the 
arm to the hollow required. 



Example4 

Suppofe the given length of bed is 
three feet fix inches, and the given wide- 
nefs on the road four feet fix inches, 

and 




-^ - 
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dnd the \VheeIs to have the dimenfion3 
of the laft example, namely, bne foot 
three inches of diOi, a^c. airtd the height 
df the under fide of the axle from the 
ground two feeft, ot 24 inches, and thel 
length of the arm i 2 inches, then the 
length of the bed will be three feet 
three inches by the laft rule. The dif- 
ference is three inches, half of which Is 
1 1 inches. Then 24 is to i| as 12 to |j 
of an inch, Which is the hollow requir- 
ed. 

The reafon of this operation is very 
eafily Underftobd* 

Let A B (fig. 6.) be the given length 
of bed, F K the given widenefs on the 
road, and let C D be the length of bed 
which would give the wheels that wide- 
nefs on the road, when the axle is 

G g flraight 
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ftraight below. Let C E be the lengtiv 
of the arm* Draw C L perpendicular 
to the horizon r Then LP is the difh' 
of the wheels. Now, fuppofe the axle 
bent dbwn to the pofition G M. The 
line C F will take the pofition. C G, in 

fiich a manner, that the angle ECF 
\\ill be equal to the angle M C G^ and 

therefore the angle E G M will be equal 
to the angle F G G, Draw E M per- 
pendicular to E G> and F G perpendi- 
cular to C F, and GH perpendicular* 
to F K. It is eafy to fee that G E : E 
M : : G F : F G, and that G E : E M^ 
: :GL : FH. Now, FH is half the 
quantity by which the diftance between 
the wheels is diminifhed, by bending 
down the axle from G E to G M, If^ 
therefore, A G be made equal to F H, 

anci 
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and A O be made parallel to C M, the 
whed placed on the bent arm, PBA Q, 
:will have the fame widenefs on the road 
^s when on the flraight axle Q^ EU 
Therefore A -C is really the half diffe- 
xcnce between the two axle beds, when 
£ M is the hollow or bend of the axle« 
Therefore the rule given is juft. 

'H. S. It is not ftriiftly juft, becaufe 
C G is not equal to C E, but the diffe- 
jrence of A C or E M from the truth 
does not amount to the 5Goth part of 
an inch. 

<^icft. Oiven a certain hollow EM, 
and a certain widenefs F K on the road^ 
to iind A B the length of the axle bed« 



Ruif^ 
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Rule. 

Find, as before, the length of bed 
C D for an axle ftraight below. Then 
fay, as the length of arm C E is to the 
given hollow E M, fo is the height of 
the lower fide of the flraight axle from 
the ground C L to a fourth number, 
xvhich will be A €• Twice this, added 
to the ftraight axle bpd, \yill give the 
hollow axle bed. 



Example. 

Suppofe I of hollow, and four feet 
fix inches on the road are given for the 
wheels, which we have fo often mei^- 
i^loned, then 1 2 : | : : 24 : i f = A C* 

a « 

Now, 
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Now, the double of this is three inches, 
?nd C P is three feet three inches, 
therefore A B is three feet ilx inches* 

The reafbn of this is evident from 
what has been faid already, 

In the foregoing calculation 1 the height 
pf the under fide of a flraight sxle froni 
the grpund was always one of the numr 
bers to b? wprjced wjth, In order tp 
find this, confider figure 4. Thus it \% 
plain that h f is equal tp 1 a^ which is half 
the breadth of the fjjpe of the wheeU 
deduifling half the width of the bufli sjt 
i, even with the face of the wheel. 
JVleafure i h along the bu(h» i I^ was 
found in the way formerly directed* 
Then we have i h : i k ; : h f : h c, the 
Jifight from the ground. I may here 
phfervpj th^t he will hardly ever difier 

i of 
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f of an inch from h f or i a, fb that it is 

hardly neccilary to make a calculation 

for it* 

' I conclude this part of the fubjeft by 
obferving, that if the taper of one axle 
be lefs than that of another, the axle 
whofc taper is fmalleQ will require to 
be farther bent down, in order to give 
the fame pair of wheels the fame gather 
below, or tor put the wheels in the fame 
pofition ; and the additional bend that 
tnufl: be given for this purpofe is juft 
equal to one half of the difference of the 
two tapers. 

Let the axle ABDC, (fig. 7.) be 
ftraight below, and have two inches of 
taper. Let L I be the centre line, and 
K I a horizontal line. Let A P be the 
face of the wheel, and L Q^a perpendi- 
cular 
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eular from the centre of the outer bufli* 
It is plain that K L is equal to half the 
taper, or difference between the width 
of the bttfties. It is alfo plain, that I L 
is to L K as L Q^to Q^P, which is half 
the gather of that wheel* Again, let 
E F H G (fig. 8.) be another axle, 
ftraight below, with onty one inch of 

taper .^ M O will,' in like manner, be 
half the taper, and half of KL. SR 
will therefore be half of P Q- If, now,^ 
we make S T equal to P Q^ we muft 
bend the arm to the pofition H V with 
its lower fide^ fo that G V may be equal 
to M O. This will bring down the 
centre O as much further as k is already 
beloAv the level M N^ and then the po- 
fition of the face OT will be the fame 
with that of the face L P, and, confe- 

quently, 
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queiitly^ both whecb will have the faiftd 

gather below. 



2t. Of the gathering of the Wheels 

forward. 

It is found, by experience, ih^t 
tvheels run better when they , are ga- 
thered a little fcf ward, or incline a little? 
inward towards the forefideof the axle^ 
The taper of the axle arm Is the 
caufe of this. The wheel being preflcd 
forward by the arm, it mull be forced 
outward by the taper, unlefs it be ba- 
lanced by an inclination inward. The 
more, therefore, that the arm is taper- 
ed, and the lefi that the wheels are ga- 
thered below, the more gather forward 
will be required. About an inch and 

an 
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an half of gather forward is founds by- 
experience, to anfwer for wheels of 
four feet eight inches high, with buChes 
of two inches taper^ and an axle flraight 
below. 

The rule for bringing wheels to their 
gather is this : 

The axle being iriade ftraight on the 

« 

under fide, a line miift b6 drawn along 
the middle of the under (ide# Then the 
length of the arm^ and of the bed, be- 
ing all marked out, fet off /^ of ati 
inch^ or a little lefs^ towards the fore 
fide of the axle, at the out heads, and 
take the points thus fee off for the 
centres from which the out ends are 
to be fquared. 

But that every perfon may be fatisfyed 
as to the method of finding thefe diflan- 

H h ces. 
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ces, the following proportions wiH atr- 

IWer to every cafe* 

As tlie half height of the wheel is to 
the fovrrth part of the intended gather, 
fo make the length of the arm to the 
diftance fought* 

This proportion may be thus demon- 
ftrated frony fig. 9. 

Let ab-cd reprefent the unrder fide 
of an axle, ne f r a line drawn along- 
the middle of it, n o the diftance £et for- 
ward at one out head, and ro the dis- 
tance let forward at the other. Then^ 
fince the centre line of the axle inufl: 
correfpond with the centre line of the 
bullied, and the face of the wheel cuts 
thefc lines at right angles, if the centres 
of the out heads were continued in the 
ftraight line in n and r^ the face of the 

wheels 
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wheels would cut that line at right 
angles^ at the lines \\t and m u. Buf 
when the centre of tlie out heads are 
placed in o and o^ tl^e faces of the 
wheels wUl out the lines e o anc^ f o at 
right »„gl«, a»a th6«fo.« 4e angle « 
icn and hik arc ^ual; fo alfo the 
angles f 1 1 and u i v are equals and o f r 
and 1 i m are equd[« Therefore, as 
i h, the half hdght of the wlieel, is to 
h k, a fourth of die gather^ {that is a 
fourth of the difference between hi and 



t- r , ■ 



f v) fo is e n, the length of the arm, to 

r * 

• ■ • • . 

aa o, the diftance fought, and £b of the 
<ether end, bec^ufe i I ; I m : : f r : r o» 
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XL Of the Mannar rf placing the Carriage off 

the ^bcelj. 



Let abed (%. 19^) reprefcnt the 
body of a carriage, ^nd fuppofe it plar 
ped Qn a pair of wheels^ which r^quir^ 
no packing, the half height pf the whee| 
lacing n p. Suppofe it again placed oi| 
a pair of wjieel^^ wl^ofe half height is| 
op, fo as tQ require a packing tQ raife 
ft to the fame heijght witli the other. 
The height pf tlie packing will then be 
equaj to no. In a level road this wil{ 
piake no difference of weight on th^ 
Jiorfe's back. Bqtif the carriage (hould 
be going dqwn a road, n^aking an angle 
^ith the horizon of about 15 degrees, it 
will make a confiderable difference, a^ 

may 
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may be feen by the figurct For fup- 
pofe i k to reprefent fuch a declining 
road. Then, if a peipendicular to the 
horizon is raifed to the centre of the 
high wheel, it will cut the carriage at 
e g, whereas a perpendicular pa(fing 
through the centre of the low wheels 
willtrut it at f h^ From this it is eviv 

dent, that the higher that any carriage 

.• ■* ^ . ' . . . ' " 
• ' . . -• 

is raifed above the centre of the wheels^ 
the greater weight will, in fuch a cafe, 
be thrown on the back of the horfe.^ 
And, in going down, the horfe will have 
too much weight, and, in going up, too 
little. 

The higher any carriage is thus raifed, 
and the more any road declines, the 
greater will be tlie inconvehiency, arif 
iing from the additional weight which 

U 
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is throwQ upon the horie's back^ when 

going down hill, and hb having too 
little weight on \»s bacjk, wlien going 
up hill. It will be fhme remedy if the 
Chafes or limbers of thp cart be railed 
in going doyi^ii hill, and lowered in gor 
iog up hilU' lyhich may bp done fay air 
cering fodie'Uplcs of the back band. 

r- • • t : ■ ' 

Of fixing the Axle on the Carriage. 

. After an.axle has been properly fitted 
into the wheels^ fpecial care muft be ta« 

ken, that it be not turned out of it; 
right pofition by the manner in which 
it' is fixed to the carriage. Axles are 
fometimes fixed to the body of the car- 
riage, and- fometimes to the fhafts or 
limbers^ the body lying loofe above 
them^ In whatever manner the axle is 

fixed. 
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fixed, it muft be kept, while working, 
in the pofition for which it was drawnf. 
Therefore when th^ axle is fixed to the 
body of the carriage, and that body is 
£6 placed as to be level when going up- 
on level ground, the axle nluft be fixed 
with the plane of its upper ^e^parallel 
to the body of the carriage* 

When the axle is fitted to the fliafts,- 
it muft be confidered bow much higher 
the (hafts will be at the back band thait 
at the axle, when the carriage is going 
upon level ground. This may be known: 
from the height of the wheek, and the 
height of the horfe, {fee fig. 10.) Let 
ace reprefent one of the (bafts, a f 
the height at the back band, and bed 
a level line paflfing through the upper 
fide of the axle. It is plain, that to 

keep 
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keep the axle in the right pofition, iti 

upper face muft be kept in the line 

bed. If it be merely applied to thd 

outer fide of the (haft ace, the wheels 

will be made to have too much gather 

forward. 

The right flope te be given to the 
axle or (haft, where they arc fitted 
together, may be found by the follow- 
ing proportion i As the length of the 
(haft from the fore fide of the axle to 
the back band^ is to the difference be- 
tween the height at the axle, and at 
the back band, fo is the breadth of the 
axle on its upper fide, to the depth to 
which it muft be let into the fhaft, at 
the hind fide more than at the fore fide* 
For a c is to a b, as c d Is to d e. 

From 
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Frbin this it is alfo plain, that the 
gather forward may eafily be either in- 
creafed or diminiQidd^ by the manner 
ill which the axle id fixed on^ and that 
a proportionable difference will, at the 
fame time be made on the gather below^ 
or widenefs on the road. 

Matter^ and driver^ (hoUld be Careful 
to' keep the fliafts always about the fame 
height, by the manner of yoking the 
horfes, becaufe fbme alteration will be 
made by every cfiange* The buyer of 
a cart fhould get from the maker a not6 
of the difference between the height of 
the wheels, and the height of the back 
band, to which the dart was adjufled, 
or the workman (hould be enjoined t& 
adjuft the cart In this refpeft in the 
manner which the buyer may think 

I i mod 
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AioOl fuitable to his horfes. Any altera- 
tion occanonedby the change of horfes^ 
irtiuft be correfted by altering the l&ngth 
of the back bandy fb as to- bring the 
(hafts to that height to whieh they were 
adjuded by the maker •- 



XII [. Some Remarks on the Oi)/et"0ations 
made by Mr J^cob on the bending ofths 
^xle-arms dotvnward. 

He fays, that the univepfafity of 

this practice would make one apt to fuf- 

pe£l, that there muft have been fomc 

better realbn for it tha» feems at prelcnt 

readily to be given by artificers*' 

It mufl: be allowed^ that experience 

and fadts are always fuperior to theore- 

tical reafonings, and that every theory 

eon- 
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contradi61ed by thefe is to be rejefte^, 
however plaufible it may appear. But;, 
in this cafe, theory and experience per-^ 
ie6lly agree, as wiU appear by confider- 
3ng a little the neceflary vConfequences 
«ofthe conical form of the axle arms. 

Let a b c, (fig^ ai.) rqprefent any 
lieavy body prefling upon d e £^ d f 
^ing parallel to the horizon* Then it is 
|>lain, that d e f will be prefled from 
4 to f. Therefore an axic, tapered off 
on the under fide, prefles the bufli in 
this manner^ and raufl: caufe the wheel 
to fly out* 

Suppofe agaio a heavy body, as A B 
;(figt 12.) preffing on another C D, and 
■that the furface^ by which they join is 
fiorizontal, it Ib plain, that CD will be 
|>refled ftraight dowjaward&, without 

any 
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any tendency towards C or D. Thcre-r 
fore an axle which is (Iraight below will 
not prefs the wheel either outward or 
inward^ in €o far as it Js aAed on by no 
other caufe thai) the downward prefliirc* 

Again, fuppofe a b (fig, 13.) to be 
an axle arm bending downwards, and 
c d to be the part of the bulb on which 
it prefTes. It is plain, that the i/rheds 
will be preflcd inwards by this form of 
die axle. • 

I muft now obferve, that the axle 
arm exerts another preffiirc upon the 
bufhes, befides that which is diredUy 
downwards* For, by -the draught of 
the horfes, it muft alio prefs upon the 
fore part of the bufh. Th'ts forward 
preflure is but very fmall in compari- 
fon with the downward prefTure, when 

the 
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the carriage is going upon perfedlly c-^ 
ven road, being no more than what is 
fufficient for overcoming the friftioii 
of the wheels. But every obftacle over 
which the wheels are to be driven, muft 
increafe this preflure upon the fore fide 
of the bu(h. From this it is evident, 
that when an axle is ftraight below^ 
the taper of the arms on the fore fide 
will caufe the wheels to prefs outwards^ 
unlefs this prefTure is balanced by fome 
other. This may be done, cither by 
bending tlie axle downwar^ls, which 
will produce a preflure inwards, fufficir 
ent to balance this preflure outwards, 
of which we have now been fpeaking. 
Or, it may be more pcrfeftly done, 
by keeping the axle ftraight below, and 
bending ^l a little forwards, in the man-y 
' oep 
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Iter diredled in feci. X. It is this cIt'- 
cumftance which gives occafion to the 
gather of the wheds forward ; and Mr 
Jacob is miftaken^ when he makes the 
bend of the arms, or gather of the 
wheels, to depend wholly upoUt er be 
regulated bjr, the difli er cavity of the 
wheels ; and when he alledges ihat the 
dilh of a wheel neceflarily requires a 
bend in the axle ^trm, to give k a mo* 
don ftraight forward. Whatever the 
di(h of a wheel is, the face of it will al* 
ways be perpendicularly cut by the 
centre line of the bulhes, if the wheel 
be truly made, and truly bufhed. It is 
therefore the taper of the arm, and not 
the cavity of the wheels, which is the 
immediate caufe of that outward prefr 
fare, which makes it neceflary to bend 
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the arms cither downward or forward*- 
Mr Jacob is indeed fo far in the right 
in his affertion, as a difti of the wheel 
requires a taper of the arm, in' order to 
gain thole advantages which are propo- 
fed by the difh. 

But diQied wheefe ma^j be uled with 
cylindrical anus, and in this cafe the 
arms muft neither be bent downwards 
nor forwards ; for, if they were, the 
wheels would prefs violently inwa]rds» 
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